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MAN AS A PRIMATE 


By Dr. ADOLPH H. SCHULTZ 


LABORATORY OF \ oOPe oO \ 0 







INTRODUCTION 










{ 


the classification of mammals 











murs, monkeys, apes and man are living primates al iL nt res 
ed in one order. ealled the primates of nature’s lavish experimentation 
This natural group is composed of two One common aneest! STO n 
er sharply separated suborders, the totality 
prosimians Prosimiae or Lemuroidea variations I 2 has D ! 
ind the simians Simiae or Anthro broken ip into distinet gt ps D 
idea). The former suborder ean bi extinetior mat ! for 
livided into a number of families and The irrefutable 1 S ng} 
genera, such as the aye-aye, tarsier vithin this rar 
ris, potto, bush baby, endrina and the are based upor hie raat 
rious types of lemurs, all of whicl or comparative anat pa nt 
have become specialized in more or less embryology, Vs [ 
livergent directions, even though re findings | con s 





























taining in common many primitive that the fundan si 
features The second and more highly tween man and at least som 
developed suborder constitutes a com- other prin s h tl 
paratively uniform mammalian group.  Simuarities 
Since man must unquestionably be as frequet ! no} 
signed to this second division of pri smaller ! ¢ 
mates, the suborder of prosimians need between other forms of pri . 
not be further discussed in this paper This is not tl ! 
According to Elliot. who has written lew syvstemati rmous | 
most comprehensive taxonomic re of old and 1 
w of the primates, 97 genera and 59 which forees us rs : 
species of recent primates can be d near COUSINS OF The pes Phis 
inguished. In this System man oO I almost entire res . 
pies but one speciesand genus. In aer of some less wir nd most 
rds, man represents only one the quite recent comparative st sol 
early six hundred terminal twigs on tain res appel fl 
family tree of primates, and these outer body of prin 
igs spread from fifty-seven branches body proportions Thess t 
ditions responsible for am — 





D. G. Elliot, ‘‘A Review of the Primates’’ 
vols. . Monograph s Amer Mus. of Nat. semblance in outer appea ines eT , 


New York, 1913 man and the apes ()) by studving 
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FRONT 


different Similac 


all the 


does it become possible to recoonize t} “vt 


Yroups of the 


there exist definite evolutionary trends, 


which have shaped the bodies of mon 


keys and man by advancing them in 


differing degrees along these regular 
paths, and that in regard to some bodily 
parts man represents the extreme of the 
respective trends, whereas in regard to 


many other parts, one or several of the 


apes have progressed beyond the stage 
reached by man In addition there 
exists a great variety of detailed trends 
which clearly deviated here and there 
from the general evolutionary direc 


tion in response to special requirements 
for one-sided adaptations By tracing 


the general trends through all the 


simian genera the conclusion is inevi 


tably forced upon the investigator that 
the present form of the human body ts 
the that 


accomplished with the inheritance 


merely best could so far be 


from 


our precursors, who were adapted to 


quite different conditions 





VIEWS OF 


(*LASSIFICATION 


For a proper appreciation 
position within the suborder of S 
it IS necessary to mention. br 
least a few of the reasons fon 
viding this group according 
distinguishing characters Tl 


and most fundamental division 


cides with the reograp! ical distril 
1} 


of the suborder. All the 
and South An 


aborien 
mates of Central 
constitute the series Platyrrhinas 


differs in many respects from the 
ans of Africa and Asia which fom 
series Catarrhinas The most 1 
seen difference between these series 


sists in the formation of the nos« 


the platyrrhines (=‘‘broad-nosed’’ n 
keys) the nostrils open sidewise and 


always separated by a_ broad sept 





whereas in the eatarrhines *“ nari 


nosed’ primates) the nostrils point 
ward and have moved so close toget 
that 


This is shown by the two examples 


only a narrow septum rema 








\ PRIMATE 





population 


evolved al 


recognized: The sma 
muitive marmosets 
ilithrichidae or Hapal 
aryver squirre! monkeys 
s, spider monkeys, capuchins 
wh coilectivels as Cebidae Tl ( 
family possesses only two molat 
each side of each jaw 
latter family there ar 
teeth The elimination ot 
in the Callitrichidae is undoubt 
i late evolutionary specialization 
one Which seems to become repeats al 
spider monkeys, in which the third 


ars have been found to be c 





SPIDER MONKEYS 
NICARAGUA 


UPPER JAWS OF ADUI 


OF 
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FIG FRONT VIEW OF AN ADULT MALE ORANG—-UTAN, WEIGHIN( 
PHOTOGRAPHED IM) IATELY AF rH No. 212, HOPKINS COLLECTION 


osities of the pelvis. In the latter mon- 
keys the skin of this region is as hairy 
as the rest of the body surface, whereas 
in the former there are always two large 
horny zones, the so-called ischial callosi 


ties. All 


these catarrhine monkeys are 


chiefly quadrupedal forms, with the 
spine horizontally posed in walking. 
They are excellently adapted to an 


the baboons and ; 


macaques 


arboreal life, only 


few species ot leading a 
largely terrestrial existence. 
The second family, composed ot the 


Hvlobatidae 


vibbons and the siamang 


represents In many respects a 
tional stage between the first and 
groups of catarrhine primates. T! 
small apes, which apparently hav 
characterist 


higher 


features 
stock of all 


tained 
the 
mates, have become specialized for 


many 
ancestral 
form of brachiation 
their 


most extreme 


for swinging by long arms 
this with an amazing rapidity and 

No other primate, not even 
spider monkey or the orang-utan, 1s 
expert an arm-swinger as is the gibl 


The Hvlobatidae, like the 


terity. 


lower Cal 
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THE FEMALE CHIMPANZEER OF 
JOHNS HOPKINS UNIVERSI1 


Hines possess ischial ‘all ( bu 

there exist indications I a eradual 

rocess of elimination of these strue 

res among the higher primates. In kno 
lower monkeys callosities appear Anth 


riy fetal life sooner than the hair; in combine 


bbons they replace the primary coi 


hair at the time of birth; and in tl 
siamang they do not develop until dur 
¢ infantile lift In the large anthr 
id apes, finally, small ischial eallos 
ties are still present In occasional spec! 
ens, particularly among some species 


f chimpanzee 
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orang-utans often develop large cheek in marmosets, spider monke) 
callosities Kie, 3 which oeeur also in Some of the clearest « xamples CO] 
one of the baboons (Drill They ar the elimination of the thumb 


furthermore characterized by an exten American spider monkey and 


sive throat pouch which far exceeds the African guereza, and 
merely deney to reduce thi 


that of the slamane These are 


ven ot segments of 


two examples in support of the 
eral statement that evolution frequently widely separated primates 
experiments with the modification of a The two closely related Afri 


local structure in a similar manner and thropoids can walk for short dist 


simultaneously in several not closely re in a nearly upright position, but ra 
lated primates. Another example has if ever, 
already been quoted, namely the ten straightened in the knee and hip 
When walking in then 


are their legs complet 


dency to eliminate the last molar teetl Fie. 4 








‘ 








pedal shi s Des . 
! uta I ii 7 ! rs bD ~ x j 
n in Fig. 5. In response to this 
middle segments of t s ‘ 
developed horny layers | | ) 
w en iol il } a] } 
TUS I} cl up } S ! sp 1] } t 
ms mol Prequent rh nite! ( t ! ‘ 
raplaiv than does tf or Oi) . 
fourth and last family Hon mo} 
of catarrhl primates has 1 sicel ) ! ! 
ts single representative ma) vho has t 
me the only cosmopolitan primate their maximim 
ne sustenance in all climates. This haboons an . ( 
. e ot the reasons Tor r raine 2 } } \ " 
s most successtu volutiona x ral ! Vi 
en among primates vel Dut } 
el others have bee me equal Vi } tt; { Dm | 
nred Ti) The af? ? } ? | " " x ) 
nments Man's mnidgu Sp 
s consist chiefly in the high dev 1) 
of his central nervous systen 7 R . 
he complet COUISITION t th el 1 ‘ , 
ire, Whicl berated) his arms fron mol rimates . 
nection of eomot ! ine ! ble rhe , 
s hands to shap nal t S Prac l 
all differences between man and yelopment. 1 
apes Cal hy ncierst ( s ¢ ! 1 +} rn? 
sequences of the tw ust mentioned ‘ ‘ ; 
clalizations t ma bye 
After these introductory notes some differences . 
‘ted data will be presented wit! amone tl yrir 
ch to answer the following closely re ne mal . 
nected questions Why MUST thre a b revel That 1 I es 
ns and anthropoid apes be regarded = types, such as 
man’s nearest relations What ar baboons. the 1 . SS 
me of the general evolutionary trends in size enorn ‘ . 
ch have produced sO Thanyv similar for msta 
s between man and the other most suel ditfere) | 
vhily developed catarrhine primates fina thy e fy 
ire the gaps separating man from r actua son 


nt anthropoid apes comparatively fen eS 


rge or small when measured bv the 


ner primates 


ile ot difference S eXISTING between the 


Bopy Siz! 


spider mot ' ' 
I 
In regard to bods size adult primates the author’s tio? { fey 


ry within wide limits. Some fully measures 847 mm and 1 
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the tail only 374 This record tail 


therefore, 


Thidh. 


; 


amounts to 226 per cent. ol 
the length of the precaudal spine. T] 
same proportion varies usually betwee) 
100 and 200 among American primates 
but in the 
centage has only 


about 50. this New 
World primate with a rather short tal 


uakari of Brazil this per 


become redueed to 


being the only 


Among catarrhine monkeys the lengt! 
of the tail 


ceed 175 per cent. ol the 


found to ex 
leneth of the 


has never been 


preeaudal spine, and in many forms 


this index barely reaches 100. In eon 
trast to the Asiatic 
and African monkeys include a consid 


platvrrhines, the 


erable number of species with very short 
With 


comparat ive 


or even practically absent tails 


what apparent and 


ease 
rapidity the tail can become reduced is 
indicated by the following data: In an 
adult 


amounts to 135 per cent 


macaque the tail 
of the lengt] 
of the precaudal spine, but in another 


Philippine 


species of the same genus, the brown 
macaque, this percentage has decreased 
to only 9, and in a specimen of the 
closely allied Barbary ape to even less 
than 1! In the latter the fleshy button, 
representing the last remnant of an 
outer tail, no longer contains any ver 
tebrae or striated muscles. In the 
genus of Celebes macaques the tails of 
several species have become almost as 
rudimentary as in the Barbary ape. 
The tail is most highly developed in 
the platyrrhine monkeys, among whicl 
tremendous length and 


it can attain a 


include as many as 34 vertebrae. In a 


variety of forms the tail has becom: 


prehensile and for some distance along 


side it bears cutaneous 


its ventral 
ridges, similar to those on palm and 
Such tails have assumed the fune 


tion of a fifth hand, greatly facilitating 


sole. 


climbing and enabling the animal actu 
tail. Only on 
} 


ally to hang by its 


platyrrhine manifests a tendency to 


reduce its tail. 
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Among 


never attained as 


eatarrhine monkey 


high a deer 


velopment as in many platyrr!] 


can reach a very considerable 


fuenons, euerezas, langurs, et 
is never prehensile and serves n 
a balancine rod In a great var 
catarrhine monkeys the tail has 
so much shortened that it must 


tically useless; and in severa 
the tail 
from the 


vertebrae in tl 


has almost entirely 

surtace 

caudal 

come reduced to only 3 

bary ape and some Celebes maca 
The gibbons, 


have in 


anthropoid 


man common the 


sence of an outer tall 
onie stages of crowt! 
tail vertebrae varies am 


and 


primates between 1 


less’’ 


cording to the most extensive at 


data this number averages in m: 


in chimpanzee 3.3; in 


28: and in the eibb 


orang-utan 
Man, 


completely 


therefore, has lost 
than the 
primates 
Hair 
Man’s comparative lack 
commonly regarded as a unique 
tion and as being duc 


TO spec a 


such as domestication or some 


selection Recent s 
SItv ol lair, ho. 
sufficient data 

loss of hair has occurred 
primates, besides mat 
‘hairlessness’”’ 


Man is 


primate, but in this respect ther 


human 
de rree 


ter ol 


much smaller differences 


and some anthropoid apes than bet 


the latter and the maj rity 


monkeys 


The number of hairs per square 


timeter of scalp averages 312 
‘2 cl 
Primates,’’ H 


* The Density oO 


III, 19 





het we en 





MAN 


d ean exceed 400 in an 
vhite. The corresponding aver 
r five adult anthri pod ipes 1s 
os? = Catarrhine monkeys have o1 ! 
910 hairs per sq. em ol sealp. 


species having as many as 2,000 

platyrrhines this figure can ris 
to above 4.000 and the averag 
1852. The 


ed 1S approximate 
} umber ot scalp hairs is consider 
higher in man than in any of 
n orang-utans and chimpanzees 


em ol 
1.737 in 


monkevs ol 


number of hairs on a 
the 


\merican monkeys, S66 it 


Sq 


back averages 


rrom 


Old World, 276 in the anthropoid 
s, and practically 0 in man. Some 
tvrrhines have as many as_ 3,000 
rs and some of tl lower catarrhines 


re than 2,000, in an adult 


mpanzee this figure is as low as 48 


whereas 


din an adult gorilla as low as 109 
total number of hairs on the back 
s about 100,900 in an adult chimpan 


instance 

The differ 
complete hair 
and th 
on the 


but over 1.000.000 in. 
adult 
between the nearly 
the 


nsity and total amount of | 


ror 
guenon monkey 


sSness ot human back 


rge back of an anthropoid ape is very 


eh smaller than the difference in 
se conditions between some anthre 
pod apes and many of the lower 
l ! KeVS 

In all monkeys and apes the chest is 
nsiderably less hairv than the back 


Un a square centimeter of skin the chest 
supports on an average 610 hairs in 
latvrrhines over 1.000 In some 
cles), 172 hairs in lower catarrhines 
100 in some species), 90 hairs in an 
ropoid apes (only 21 in an adult 
mpanzee and even only 3 to 6 in 


lult male gorillas), and about 1 hair 
man (9 or more in some individuals 

e density of hair, therefore, can be 
eater on the chest of man than on the 
est of gorilla. The ranges of varia 
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FIG. 6 SIDI 
AN ADULT 

KEY NO. ¢ 
tions in the 

ot chest 


thropoid apes 


All 


deeisivel 


Ih man 
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pr 
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idea | 
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Pithecus and 
seen tha 
little = influene 
Tunections, correspol del 
eral classification of primat 
upon the condition 
structures 

The individual 
hasal 
bh Catise 


tionary changes 


have taken place 





there are, during 


il 


NASAL CARTILAGES IN PRIMATES pe rsist in a emur orl 
(AFTER 1.C.WEN ) Soon afterwards a cleft appr 


FIG. 7. FRONT VIEWS OF NASAL CAR- lateral borders, exact! 
rILAGES IN SOME PRIMATES (AFTER platyrrhine (e.g., Ao 
I. C. WEN shortly before birt] 


life, only two undivided tubes 











of man completely cd 
prominent than in some gorillas and ; lower ecatarrhines ti 
least one species of gibbon comes complete even 
The shape of the outer nose is to a From these findines 
vreat extent determined by the size and oonelnded that early 
arrangement of the cartilages within velopment the nasal 
the nose, which extend from the nasal primates must be closely 
bones down to the nostrils. Fig. 7 illus- «pe yarious degrees of 
trates some of the interesting results of appear only in the course 


} 


just as they have developed in 


a recent extensive investigation’ « t] 
these structures rhe top row SHOWS Course ot evolution This const 


the primitive condition of the nasal merely one of innumerable exa 


cartilages as still existing in prosimians supporting the so-called reeapitu 


+ 


The two cartilaginous tubes are not ve theory, which claims that during 


divided into roof and wing portions development of an individual thet 


In platyrrhine monkeys such a separa cur many inherited and passing 


tion appears for the first time, but IS pearances ol eonditions having ex 


7 


never complete, as shown by two repre in the aneestors of the species a S 


sentatives in the second row A com usually longer) period of their g 
plete division of the primitive tubes into 


‘ 


‘1. C. Wen, ‘‘Ontogeny and Phylogeny o E AR 
the Nasal Cartilages in Primates,’’ Contrib vo ; 
to Embryology, No. 130, Carnegie Instit. Wash.. Che outer ears of primates 


1930 prisingly uniform in regard 
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% pe 8 


Canuchin Macaque — Langur 


Le 162 = 300 26 


Orang-utan Chimnanzee Gorilla Negro 











rHE EARS OF SOME PRIMATES NUMBERS REFER O CATALOM 
HOPKINS COLLECTION 


tures, particularly those appertain large male 
the portion of the ear by whicl mim In 

s attached to the head The unat hana, tl 

hed portion of the ear differs most in spicuous size 

Various groups In macaques mm i 

boons and several other catarrhine — colle 

onkeys this portion is comparatively ei 

and drawn into a point (Fig. & mm) whicl 
\mong higher primates a strong ten two above 

‘y exists for the free edge of the ear From the 
ix) to beeome rolled = in Tl ie. S. it 

st pronounced in gibbons, in many — resembles 
ing-utans and gorillas, and in some — gorilla, thy 
man races A true and large ear being insienifi 
bule, free of cartilage, is found only the differs 

the majority of human beings and in — the 
‘considerable percentage of chimpan 

s and gorillas. Among all primates 

size of the ear has become most re 


eel in the orang-utan; in avery 





Bald-headed tamarin 
True marmoset 2 
Marmoset 

Saki 

Uakari 

Squirrel monkey 
Night monkey 
Howler 
Capuchin 
Woolly monkey 


Spider monkey 


Baboon 

Celebes rn acaque 
Tailless macaque 
Macaque 
Mangabey 
Guenon 2 
Red guenor 
Langur 2 
Probos« 1S monke \ 
Cruereza 


White-handed gibbon 
Borneo gibbon 
Wau-Wau gibbon 
Sumatra gibbon 


Slamang 


Orang-utan 
Orang-utan 
Orang-utan 
Orang-utan 


Chimpanzee 
Chimpanzee 
Chimpanzee 

‘himpanzee 


Mountain gorilla 
Mountain 1] 


gorilla 
Negro 

Hawaiian 
Chinese 

W hite 
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(\r 


human beings in this” respect 
le | Thus, in one gibbon and in 
rang-utan the average diameter of 
head amounts to exactly one ft] ira 
he height of the trunk, whereas in 
Hawaiian to only 29.1 per cent 
In all newborns the head is propor 
nately much larger than in adult 
human newborns the pereenta ! 
on between head diameter and tru 
rht averages 59 In several newhor 
bons and orang-utans tl corre 
nding figures are even higher (about 
as has been shown in another paper 
the author Kor this reason tl 
\. H. Schultz, ‘“Fetal Growtl Man and 
Primates,’’ Q y R } 
rAl 
A‘ oF Some Bop "ROP' 0 
cs, 
Group of primates E | 
rr nes ‘ } he) 
r eatarrhines a1 7 Ri 
bons a1 4 17 
mang ~4s HI 12 
ng-utan 16] 181.1] 127 
panzees 158 171.4 124 
la 705 206.7 145 
n 199 l¢ ) 3 


MIAN 


r¢ lative s1ze of the 


id is most accurately expressed 
‘culating the percentage relat 

n the arithmetic mean of hea 

breadth and height and. th 
eight According to the aver 

s of this proportion in the last 
n of Table I], man is characts 

the relatively largest head and 

ver catarrhines by the relatively 

st one. In individual cases, how 


some of the apes equal or surpass 
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Variations 
anthropoid 

! 
inal MaNTWAUD 
namely to 
averaves 


cording TO 


notes sufhe 
the veneral 
tion more and more 
solidify into 


cant 


lial 
In the remaini 
1 
which comprises 
chest and = loins 
brave a general tendeney 
toward reduction in the numb 
ments. Among platyrrhin 
vhine monkeys 19 of thes 
most commonly round In si 
rhines (night monkey) ther 
”? thoracolumbar vertebrae 
PIG. 10, THE TRUNK SKELETON OF A the specialized spider monkey 
GUEREZA MONKEY AND OF A GIBBON , — 
are has become reduced To li } 
REDUCED ) ‘ : . 
few individuals possessing only 
In sO many other respects, the 


| Pr uy furnish the ‘‘missing link’? betwee) 
In all primates, with ee enception of 1 ue entasshines on can bend. 
extremely rare individual variations, anthropoid apes and man, on the 
the number of vertebrae in the neck is Their average number of trunk 


(. In contrast to this, the numbers of 4), amounts to 17.8 and the variat 
; ae tol Ss 4) i t a lal 
vertebrae in the other regions of the range from 16 to 19. Amone 


ine vary a gre: a vi uli 
spine vary a great deal not only in indi largest primates, cases with 19 of 


viduals but also in the different families vostobrae have completely disappeat 
and genera. This has already been iedeed wo ease wit! ones 18 verteb 
shown in regard to the tail In the has ever been recorded for orang-ut 
adjoining sacral region a number of With this elimination of these retat 
vertebrae have fused into one rigid gyg primitive numbers the pendulun 
structure by which the spine is fastened variations has beeun to swine 

to the pelvis. In the monkeys of the lower and progressive numbers 
New and the Old World the saerum is 16 trunk vertebrae occur in about 3 
usually composed of three vertebrae, cent. of human spines and even on 
two and four occurring only in excep 6A. H. Schultz, ‘The Skeleton of 
tional cases. In gibbons and siamangs and Limbs of High rimates.’’? H 

the average number of sacral vertebrae ogy, IT, 1930. 








MAN AS A PRIMATE 


aslonal Chimipanzer and 
per cent and in lo per cen 
utans The average number 
vertebrae has become reduced 
man and even far 


es, namely to 16.8 in chimpat 





6 in gorilla and 16 :, 


vard to all these features 
man has been found to resembl 
osely the anthropoid apes, but in 
ustance the general evolutionary 
as carried one or several 
even bevond the stave reached 
rmer. These are merely a t 
list of conditions whiel revea 

isa rather conservative primate i from the 
parison with his anthropoid cousins additior 

trunk of the higher primates has to eive 


‘ 


me relatively shortened by means of — adults of 
vradual elimination of vertebra: and of most 
allowed the pelvis to shift toward = easured in 
chest (Fig. 10 In addition and yer For the 
robably in direet connection with this — suffice to discuss only 
lutionary process, the trunk of the = jn a small series 
gher primates has become very stout to represent the 


} 


ind broad as compared to the trunk o Simiae. These 

wer primates. This widening of i and the averan 

unk, involving the width between the The dearee o 
lders, the diameters of the thorax — j, psy shown te 
of the pelvis, ete., is already very otunenss the eheat 

ronounced in the gibbons, as is strik 

ingly shown by Fig. 10. How sharply 

primates can be divided into those with 


trunks and narrow chests and 


ADULT MACAQUE HUMAN FETUS, 40WEEKS ADULT MAN 
IG. 11. CROSS SECTIONS THROUGH THE CHEST OF AN ADULT MACAQU] 
HUMAN FETUS AND AN ADULT MAN 


ro THI SAME ¢ ~ 
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MAN AS A PRIMATE 


Nn orang 
rorilla 


se notes on 


exception 


as a froup 
from the lower ones bh 


number « 


l ec Wldel 


and pelvis, 


rmous mcrease chest 
pared TO chest cle pti 


these features man 


of variations amo 
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primates, ex 


Dried 


equals that 
far below 
rro, chosen at 
12 illustrate 
according to 
have proportionately muel 
than a man, a findine whiel 
contrary to our previous beliefs 
When ‘this paper was ready 
press the author was generous 
mitted by Professor William K. G 
and Doctor Dudley J Mor 
measure also the three splendid 
of adult male West-African o1 
vorillas, the last specimens 1 
from the recent Columbia Univ 
American Museum African Exp 


Of the many results, gained b 





unique opportunity, it is possib 
mention here only that a numb: 
striking differences were found bet 
the two types of corilla Thus. the 
tive arm leneth of the thre 

rorillas amounts to 180.3, 183.1 
187.5, respectively, 7.¢., to more 

most chimpanzees, whereas 1! 


A.H.S mountain gorilla this percentage 


L ages only 153.7. It is particular 


nificant that in regard to 
FIG. 13. EXACT BODY PROPORTIONS OF 


THE FETUS OF A LOWLAND GORILLA 
(LEFT HALF) AND OF A HUMAN FETUS 
WHITE) OF THE SAME STAGE OF DI 
VELOPMENT (4TH MONTH The relative length of tl 
shorter than that of the arm 


tion one species of gorilla 
stands closer to man than to 


species ot vorilla (; gorula 


SITTING HEIGH 
primates, except man, but it 
relative arm lengths (192 to 251) of the kept in mind that the arm 
most extreme brachiators, the gibbon, eludes the entire hand, wherea 
Siamang, and orang-utan. Chimpan length only a small part of the 
anti re 


zees have also acquired proportionately all the monkeys and in the 


longer arms (173) than any of the apes the relative total lengt! 
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whereas 


through a great lenethenine 
b itself. The striking difference 


n man and the three large apes 






the relative leneth ol 





to 
s at once apparent in Fig. 12 










liffere hee, however, loses in signifi 





through the followine observa 





: In the white-handed e@ibbon 





» ie neth ol the le rr IS 153. wl eredas 


‘as 


Tie body ot a yo rfectlhy nord 






Hawaiian in the Hopkins col 
15] In other words, there ar 


ection It Is 





human beines with a relative lee 





neth no greater than Im some evibbons 





difference between the relative leg 


th of 192 ina Neero and that in th 
Hawalian is far greater than the dit 







f 


rence Which exists in this respec 





tween the latter and all e@ibbons as 





as most chimpanzees Further 






re, in newborn man the relative 





neth of the lower limb averages onl) 





116, which is roughly The same as 1n 





lults of most monkeys. During fetal 





it Sa lie 


man and gorilla have still 





leneth, as Is shown by thre example 
Fig. 13. As the unequaled length of 


lower limb of adult man does not 






pear until late in growth (Fig. 14 





can not have been acquired until 





paratively late in evolution. 





or a proper interpretation of the 





significance of the lengths of the limbs 





ey are studied not only in relation to 





rela 


leneth of the trunk but also ir 





n to one another This latter rela 





n 1s obtained most accurately by eX 





essing the total arm length nn 





reentage of the total lee leneth (sixt] 





imn of figures in the tables In 





itvrrhine as well as catarrhine mon 





‘Ss this proportion averages 110: a4 





arm is ten per cent. longer than th: 


PRIMATE 





~ 
“ ~ 
cP a) 
»¢ 
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PIG. 15 HANDS OF A=MARMOSET 
SPIDER MONKEY 
\ FROM ¢ 





B 











FIG. 16. HANDS OF A=LANGUR (180 
B=PROBOSCIS MONKEY (68 








leg. In all the gibbons and anthropoid 
apes this percentage has become in 
ereased to at least 130, a value which 
occurs among lower primates only in 
the extreme brachiator, the spider 
monkey. The highest of all figures are 
found in the most expert ‘‘hangelers,’’ 
the gibbons, siamang, and orang-utan, 
in which the arms have become ex 
tremely lengthened as an adaptation to 
their special mode of locomotion. The 
lowest of all figures, as was to be ex- 
pected, are restricted to the most per 


NO, 230); B=NIGHT MONKEY 
248 «a LEFT HAND 


fect bipedal walker, man 
have become extrem: \ 
connection with his  unid 
progression In hewboorh mal 
portion lies still above 100. as 
adult monkeys and apes, and 
durine postnatal erowth that 
below 100, a unique condit 
primates 

Krom all considerations it s 
likely that the original and as vet 
specialized Suniae possessed tl 
ing approximate limb — proport 
With the trunk heieht equaln ow |I 

















FIG. 17. HANDS OF A=BABOON 


B=SIAMANG NO. 255980, NATIO? 


MUSEUM 
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MAN AS A PRIMATE 














G. 18 HANDS OF TWO ORANG-UTANS 
MALI 219). BR ; 


Puo OGRAPHED FROM P 


tal arm length was 120, the total 
ngth 109, and, consequently, the pr 


rtion between arm and. lee 


110 As shown by Tabl Il, thes 


significant change in most monkeys 


spider monkey in which all 


ypothetical) values persisted) without 


Old and New Worlds. The only 


oteworthy exceptions are the America 


voolly monkey and, particularly, the 


i indices have become markes \ 1h 
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FIG. 20. HANDS OF TWO GORILLAS 


ADULT MALI LOWLAND GORI! A CAS 


E AUTHOR OF SPECIME? BY Mus Or 
OMP. ZooLoGy. HARVARD "NI - B AD 


ALE MOUNTAIN GORILLA (CAST SENT BY A) 


MUsetm or Na cAL HIsToryY 
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oO CHIN 
! i 
PHuoro: i 

reased This repres 
ary CAP riment amor 
Vhich has been reneate: mia? 

l s lh a mite ! l \ ! 
| 1! eibbons aie oral 
particular trend in prin \ 
crease the relative ! } 
lppel cL the ! mib 
work not only amone 
mentioned but an ! 
rhin Including mat ‘he 
ire the result of two dis 
rating taetors ] i opi 
shortenh of t] tri 
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and active growth of the limb, stimu 
lated by its particular requirement fon 
specialized locomotion. The relative 
arm length of man has increased from 
the original hypothetical 120 to 150, 


and the relative leg length from the 
original 109 to 167. The latter 
of 098 index units is not nearly as great 

of 117 index units (from 
120 to 237) in the 
ot the 


centage 


nerease 


as the inerease 
relative arm leneth 
per- 


gibbons. Similarly, the 


relation between the arm and 


the leg length amounted to approxi 
mately 110 in the conservative ancestral 
has decreased 


in the 


changed much more, hay 


Simiae; in adult man it 


to 89 or by 21 units: but slamaneg 


it has become 
ing inereased to 178, or by 68 units 
ranges of 


It has been shown that the 


individual variations in the relative 
length of the arm overlap in man and 
that 


much evreate. 


the mountain gorilla, and this 


character has evolved to 
extreme in the other apes than in man 
leneth of the 


other 


leg is vreater 


The relative 


than in the primates, 


in man 
vibbons can 


this 


though individual equal 


beings in respect 


human 
Man’s evolutionary specialization in leg 


some 


length has not reached nearly such an 
extreme as the gibbon’s specialization in 
arm length. 
HAND 

As shown by the accompanying series 
of photographs (Figs. 15 to 21), the 
primate hand is a comparatively con- 
uniform structure, even 


stant and 


though many details have become 


changed in the higher types according 
to definite evolutionary trends. In the 
primitive marmosets (Fig. 15 A) the 
fingers still bear long and slender claws, 
rather than many of the 
American monkeys the touch pads on 


nails. In 


the palm are still very conspicuous, as, 
for instanee, in the night monkey (Fig 
lB With the exception of the 
platyr- 


spider monkey, the thumb of 
rhines is of considerable length, reach- 
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ing bevond the palm; it 
to tace the other digits and 
IS not opposable ; iT aiwavs 


from the palm near the bas 
dex finger. These are all pri) 


ditions, appearing inst 


young Tetuses ol all primat 
sisting to adult life only in 
of the New World The see 


of all platyrrhines is much she 


the fourth. As a rule the mid 


is longer than all the others, b 
saki and uakari monkeys 
finger has become the longest 
spider monkey (Fig. 15 ¢ 
highly specialized — platyrr! 


eliminated 
hidas ! 


In only two of a er 


thumb has become 


for some vestigial bones 
the hand. 
spider monkeys, colleeted by 
there still exists a small and 
less outer thumb. 

In contrast to platyrrhines the 
of the monkeys of the Old W 
become opposable and its place 
tachment to the palm has shifte« 
the base of the index finger towa1 
Kies. 16 and 17 A). It 


? 


reaches bevond the most distal px 


wrist 


the palm and in such forms 
langurs (Fie. 16 A 


has become reduce { 


and, partic 
the guenons it 
practically useless appendage 
evolutionary trend to reduce the ft 
has reached its extreme not only 
American spider monkey but aga 
the African guereza, in which tl 
rarely thumb left. 


during fetal stages of growth. Ina 


any outer 


eatarrhine monkeys, particularly 
largely terrestrial baboons (Fig. 17 
and macaques, the touchpads are 
well developed even in adults. I 
index finger 
finger and 


eatarrhines the 
the fourth 
latter is nearly as long as the mi 


lower 
shorter than 


digit. 
The hand of the higher prim 
from gibbon to man, conforms to 

















MAN AS A PRIMATE 1; 
hand in lower catarrhines b: ond st 
sing a thumb which has becon Xpress by) 
to oppose the other digits and — ce 
branches trom the palm at a Among 
ear the wrist, thereby further hand (relat ») is 
tating true opposability The t best 
bh of the siamang Mie. 17 BB), the end 1 br . 
itan lig 1s cist ‘ n ry . 
Kig. 19) has siuifted: fart! highest ] 
from the base of the second digit relative nal 
has the thumb of gorilla (Fig. 20 perfect bi 
of man (Fig. 21 In none of the — proportionatel st 
siamangs and large apes does the thumb — arboreal forms 1 
to the end of the palm; only nh gorilla 1 
some gibbons ean it project that far eorilla is 
Man is the only higher primate and, in all othe 
the only catarrhine in whom the Centar s 
nb extends beyond the most distal tive breadt ! 
on the palm In regard to this a great d 
itive leneth of the thumb man differs has become convir s 
strikingly from all three large apes ments on ver Tel . ; 
Yet the short thumb of a ¢l lMipanzee, primates that 
r instance, is still of good use. Many and, particulas 
time the Hopkins chimpanzees have ually and raei: t least as 1 
een observed to extract dexterously does the hand of mar This is 
small splinters in the skin by means of indicated by the examples in . 
their thumb and index finger. The and 19 and by the data in Tab 
ribbons, Slamang, and man are the only It has been s 
simians in which the second finger can man is in every respect the hand 
be as long as, or even longer than, the catarrhine primate 7 
urth finger, but there are many indi- from a more prin tvpe 
iduals in which the general rule of such as persists in platyrrhines, is 
‘finger LV > I1’’ still holds true necessary CONCLUSIO! from man: 
From the photographs of primate vations. For instance, in human 
ands it can be seen that gorilla and well developed touch pads mak 
man have the broadest hands of all Ing re-appearance tl humb 
primates. This is most conclusively branches from the base of the s 
demonstrated by the figures in the see digit and is not rotated 
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HUMAN FETUS, 8WEEKS ADULT MAN ADULT CHIMPANZEE 





FIG, 22. FRONT VIEWS OF HANDS OF A HUMAN FETUS, AND ADULT MAN, AND 
AN ADULT CHIMPANZEE 


[HE STRAIGHT LINES INDICATE THE TRANSVERSE AXIS OF 
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FIG, 23 FEET OF A MARMOSET (230); B=NIGHT MONK" Y 242): ( CAT 
249 a); D=SPIDER MONKEY 248 
\ FROM C‘ENTRA AM} CA 
[ other fingers (Fie. 22 Tl 


opposa bility attained by The 
thumb in adult life is less 
acquired by some adult chimp 


shown by the example in Fig. 22 
adult man possesses the relatiy 
est thumb of all eatarrhines 

a far smaller departure from 
eral condition than the opp 
treme, consisting in the compl 
the thumb in the guereza. It 
the human hand appears broad 














side the lone and slender hat 
monkeys and most apes, its br 
FIG. 24. FEET OF A=LANGUR (180); seems very conservative in compa! 


B=PROBOSCIS MONKEY 68). 
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FIG. 26. FEET OF TWO ORANG-UTA) 











A 














FIG. 25. FEET OF A=BABOON (200); A=ADULT MALE (212); B=JUVENILI 
B=SIAMANG NO. 255980, NATIONAL 37). PHOTOGRAPHED FROM PLASTER CASTS 
MUSEUM). THE AUTHOR. 
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OF TWO ¢ 


P IOTOGRAPHED FROM 4 


the broadenine ot ; 


rmous hand of 


eCXCeSSILVE 
gorilla 
Koo 


The foot of 
form than the 


primates Is somewthal 


hand, thoue!l 


hone 


ereat toe is short, abduced, and vi 
rotated, and 


4 Oo o 
FL ~) 


lengthened 

















FIG. 28. FEET OF TWO 


{=ADULT MALE LOWLAND GORI! 

SPECIMEN LE? BY M 
HARVAI ) I NI : B AD 

LE MOUNTAIN GORILLA 


MUSEUM OF NATURAI. HISTOR‘ 


AUTHOR OF 


OMP. ZooLoGy, 








HIMPANZEES 


} 


five digits on the foot have become 
in any primate. In all New World 
nkeys the foot is lone and slend 


the digits II to V ar 


PRIMATE 




















FIG ) FEET O] WO GO 
KY < 
! oO ‘ % 
No HOS. ¢ y 
oO | Bs 
ond toe is never . 
Wi s hera l 
s. In most marmoset 
KaTIS, SAKIS, ! ! ! 
ver, the Tourth 1 DaSSeS 
hird in lenet lL) marn 
tamarins the vy 1 } 
most rudimentary ih mn 
His ft In the higher platyvr 
The foot Old Wi 
| 4 Ss very sit r t} 
RIG FEET OI f ADU 
NEGRO (P. A. L B=ADUL 
AUSTRALIAN ABORIGINAL (P 
Cas OF | 
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FIG. 31. FOOT SKELETON 
{= MOUNTAIN GORILLA; B= NEGRO 


higher American monkeys. As in the 


latter, the foot is long and slender, the 
great toe is proportionately short, and 
the second to fifth toes are greatly 
lengthened in all the arboreal forms, 
though fairly short in the terrestrial 
baboon (Fig. 25 A). In many of the 
catarrhine monkeys the second toe is as 
short as, or shorter than, even the fifth, 
and the fourth toe is often as long as, 
but very rarely longer than, the third 
Fig. 24 

The foot of the gibbons and the sia 
mang (Fig. 256) differs from that of 
the lower catarrhines chiefly in regard 
to the relative length of the first toe. 
This toe is of very considerable leneth 
in the siamang and _ proportionately 
still longer in most gibbons. In this 
group, for the first time, can the second 
toe equal or surpass the fourth in 
length. In all siamangs and a variety 
of gibbons the second and third toes are 
united by a cutaneous web, a condition 
which appears occasionally in man and 
is then inherited.* 

Among all the many platyrrhine and 
catarrhine monkeys, the gibbons and the 
siamang the outer foot is more uniform 


8A. H. Schultz, ‘‘Zygodactyly and its In 
heritance,’’ Jour. Heredity, XIII, 1922. W. 
L. Straus, Jr., ‘‘The Nature and Inheritance 
of Webbed Toes in Man,’’ Jour. Morphol. and 
Physiol., XLI, 1926. 


than it Is among the anthro) 
and man The Figs. 26 to 3 


strate best the remarkable ad 


to special function of the fo 
largest of the primates. Thi 
extremes are represented b 
arboreal form, the orang-utar 
most terrestrial, man These 
are connected by intermediat 
existing in the feet of chimpar 
land gorilla, and mountain 

the orang-utan the second, t!] 
fourth toes have become proport 
longer even than in the gibbon 
phalangeal bones within these d 
curved and perfectly adapted 
ing around the limbs of trees. T] 
toe of orang-utan has shift 
back toward the ankle than in ai 
simian, and has degenerated at 
much as in the marmosets I) 
orang-utans the great toe has 
nail and one of the normally t 
langes. In the chimpanzee the gre 

is well developed and in some sp 

it can reach even to the end of th 
dle segment of the second toe 
27 A). The lateral toes are not 

as long as in the orang-utan and t! 

is relatively broader than in mor 
In the lowland gorilla (Fig. 28 A 
foot has become even broader an 
digits Il to V_= are’ proportion 
shorter than in chimpanzees. The 
extends forward to nearly the end ¢ 
basal segment of the third toe. I 
mountain gorilla (Fig. 28 B) the 
reaches even farther, 7.e., almost t 
base of the terminal phalanges, wl 
at least as far as in man. The free 
tion of the great toe of the low 
rorilla is still longer than in the n 
tain type, but in the latter the great 
projects farther forward than ip 
former on account of its greater 
length. As shown by Fig. 29, tl 
marked differences between the feet 
the two gorilla species are already 
defined in fetuses. 

















due principally 
grasping function: (1 


the unequaled shortening of 


apes with a movable great toe 


quoted in footnote (6 
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the anthropoid apes the middle 


and the second tore 


Ti 


longest 


shorter than the fourth, but at 
s equally long or even longer 
e second or even the thrst toe has 


» the longest of all, but on n ti 
se Ol erowth, since In voune human 
SCS the vreatl Toe 18S as vet short ana 


abduced and the middle toe is fre 
. seen to project bevond 

s. The relative length 
on of the great toe in thi 
30 B) differs less from 
‘in the mountain gorilla (Fig. 28 B 
the latter differs in this 


Kie. 27 B The 


resp hal 


a Chitnpanzee 


vreat toe of man does not branch from 
most distal point ot the sole. Slne 
ts place of attachment has not vet 


ched entirely the base ot the second 


rit In all 


it toe has been found to branch 


adult primates the outer 


from 
proximally to the 
second Toe 


branching lies closest to the ankle and in 


base ot the 


sole 
In orang-utan this point of 
an closest to the second toe, the moun 

in gorilla differing in this respect more 
from the former than from the latter 


The peeularity of the human foot is 


to two evolutionary 
followed the loss of the 


which 


nanges 


The nearly eColn 


plete adduction of the great toe and (2 


the pha 
to V The addue 
not yet 


nges of the toes I] 
m of the vreat 


toe 1S 


present 
n the human fetus and the joint at the 


base of this toe is still curved and point 


ng toward the side in man, as in the 
see Fig 
1) and for further details the paper 

The shortening 
the lateral toes is best shown by quot 
the 
lation between the length of the pha 
inges of the middle toe and the total 
ot length. 


rm approximately 38 per cent. of the 


ney a few averages ot 


percentage 


In monkeys these phalanges 


‘tal length of the foot skeleton, in gib- 


ons 41 per cent., in orang-utan 43 per 


PRIMATE 


cent ! ‘ } ’ 7) 
vor I ) 
adult n ! 2] | 
I ll ! ‘ > 
S st 5) | s S nial 
Tene propo ~ 
aduring a ! 1 
lal, Ist as 1) ! ! l 
‘ irse ¢ ‘ - 
\s shown by t \ 
this evolutionary shot 
most of i tl mida . 
ire con plete \ CK S 
ind fused with 1 mi 
In mal the mat nes 

It is due to this shorter 
lateral toes that tl 
has acquired the dist tio } 
long as, or longet thr 
That the second man eq 
surpasses thie third ene 
greater a speclalization t ! t 
evolutionary trend by hich tl 
toe has become longer tha 
one In a Variety ot Ti 1) 
rhines 

According to all anatomica 
brvological comparisons 
can be nothing else but ! a 
of a type of Toot which has s 
rise to the feet o moder! rit 
apes. 

(*; ( | ONS 

Man’s place Within ti mami 
order of primates can not be w 
and properly evaluated without as 
a study ot all the monkeys and apr 


of man himselt A @ 
? 


sus of all the simian 


result chiefly in a long 


variety of 
tropical and 


pended to this list wo 


MmOoOnKeVS SC 


subtropical zones 


} 


ete hy T! 


of a few higher primates. .A 

keys represent multitud 
minor specializations ith hel 
there some type attempting to ris 
the others They are 1 ist 
keys,’’ have tails, a dense coat of 


a slender trunk, narroy 


\ 


hands and 
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a very limited intellect, and many other _ tain little differentiated 
quite primitive features. This, in spite keys and the anthropoi 

Or many detailed distinctions, compara larly the orang-utat Ma 
tively uniform majority of primates con large apes share the distinet 
trasts sharply with the small minority resenting the few most advar 
the gibbons apes, and man This see ments in all primate ¢ volutior 


ond and outwardly heterogeneous group respects man has become n 


has been carried many evolutionary steps specialized than 





above the level attained by even thi to many other features this 
highest of the large first group. All the reversed 
evidence from comparative anatomy and These conclusions are sup 


embryology points toward one common — illustrated by the examples « 


origin for this second class of simians. ary trends which have been dis 
Krom this ancestral stock they must this paper. <A few of the cle: 
have soon spread along more or less most significant trends are bi 
diverging courses, even though they in marized in the accompanying tal 
herited many of those general tendencies It seems hardly necessary to st 
which not only had started but also con- a final conclusion that man is o1 
tinued to lift them above the rest few higher primates and resen 


Of this select company the gibbons closely the anthropoid apes part 


have undoubtedly progressed least and the vorilla and Chimpanzee 








the siamang but little more. In many  blance which is in general o 
characters they have preserved evolu that existing between the larg: 
tionary stages intermediate between cer the monkeys. 
ty 
i most pr t e CoO! na I 
Character ” 
tion amo y I S 


Body siz s g y 
Hair very dens ’ ¢ 
ra ong saithmnilay tala , 
Spine few sacral vertebra many sacr rtel g 
nv thoraco ir ver fewer t rac Y 
lrunk slende s g 
Chest ! ! broad g 
Upper lim! shor ng g 
Lower limb short ong 
Hand slender slender to ve broad g 
Thumb very litt € oppos: ble opposal , 
attached near 2nd finger s] rd wris g 
Foot slender slender t oad g 
Toes IT to \ long very long rang-ut 

















RHENIUM 


By Dr. WILLIA 


s a long step from the four el 

s. ‘earth, air, water and fire,’’ of 

‘ent Greek philosophers to the 

mical elements now rec enized as 

p of elementary substances from 

all bodies are made Throug! 

enturies the concept of elements 

s developed, gradually changing to 

spond to newly discovered facts so 

the present time the word itselt 

s acquired a new meaning. The chem 

lements are now rewarded as a 

s of atomie systems Increasing In 

eht and complexity from hy droeen 
iranium 


] ] 


\ small number of chemical « 


re known in prehistoric times; the list 
ides silver, gold, carbon, copper, 
mereury, lead, sulphur and_ tin 

No doubt their discovery was purely 
dental The middle-age emists 
obably deserve some credit for disco. 
arsenic, bismuth, phosphorus, anti 

ny and zine, but the remainder of the 
wn chemical elements have been dis 
ered since the beginning of the 
teenth century, when chemistry be 
me a true science. The complete story 
hese discoveries is as interesting as 
adventure or romance ever narrated 
ist now one of the final chapters of this 
rv has been written; it deals with the 
liscovery and description of rhenium 
The atomic conception of matter is 
so very ancient. Some of the Greek 
philosophers of the third and fourth 
taught ‘‘that all sub 
tances are formed of indivisible par 


enturies B. C 


ticles or atoms which are eternal and 
inchangeable, that the atoms are sepa 
ited from one another by void, and that 
ese atoms, by their combinations, form 
he matter we are conscious of.”’ 

d by the director of 


ireau of Standards of the U. S. Dk partment 


Public ation approve 


Commere e. 


OF Ss 


M F. MEGGERS 
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FIG. 1 TWO TRIPLETS IN THE 


ONE IN THE ULTRA-VIOLET 3451.88, 3460.47, 
6321.89, 6350.754 THEY ARE ENLARGED TO THI 
ATOM I EN ty ATI z°P IS COMMON TO BO 
CITED STATI rO THE NORMAL STATE OF ilk ATOM 
TRANSITIONS TO A S81 L HIGHER EXCITED STATI 
GROUPS OF LINES GAVE THE CLUE TO HE STRUCT 
LINE AT 3460.47A IS THE MOST SENS VE ONI 
RE ATOM rHE PRESENCI 


based practically the entire modern SVS 
tem of chemical knowledge and also the 
scientific theories of the electronic strue 
ture of atoms. Certain blank spaces in 
the periodic System as constructed by 
Mendeléey corresponded to unknown 
chemical elements, thus giving the first 
clue to the number and nature of dif 
ferent elements which were still undis 
covered. 

Only at one place in the periodic sys- 
tem as originally proposed was there an 
uncertainty as to the number of elements 
in a period. This was in an exception 
ally long period containing a group of 
elements known as the ‘‘rare earths,’’ 
all of which have the same chemical 
valency. Laborious methods of separa- 
tion disclosed more and more elements 
of this type without suggesting any 
definite limit to their number.* Such a 

2 The total number of rare earths is now 
known to be 14; they are cerium, praseody 
mium, neodymium, illinium, samarium, europ 


ium, gadolinium, terbium, dysprosium, holmium, 


} 


erbium, thulium, ytterbium and lutecium 








ARC SPECTRUM OF RHI 
464.724 \ ) EO 
SAME FREQUENCY \ ( 
rRIPLETS | ONS FRO 
ws ~ oO k 
es AcCCO FO . Oo 
rURE OF THE SPECT! 
FOR DETECTING RE, IT W 
¥ 30,000,000 OTHER ATOMS 


limit was finally imp 


NILUM 
OF ) 
sed 1h} 19] 


Moseley ’s discovery that the char 


istic Rontgen spectra ( 
ment to element in a ¢ 
eressive Manner Kollo 


ery each chemical elem 


an atomic number, beginning w 


‘hange fro 


OontTInNUOUS 


/ 


wing TI 


ent WAaS HSS 


drogen 1 and ending with ura 


and it was seen that « 
numbers 43, 61, 72, 75 
mained unknown 

The identification 


ments by means of their 


nly six 


Rontgen sp 


furnished a new method of attack 


unknown ones—hatniu 
covered in this way in 1 
remaining unknown ra 
tected in the same way ; 
This left only four | 


elements to search for j 


m 72 being 


<0. al dl 1 


‘ 
; 
re earth, 61 
i Tew Vears 

, 


vossible Clit 


ind two 


85 and 87, are probably radioactivi 


tremely unstable, and 
detected by any ot the 
ods now available. Tl 


two theoretical atomic 


too scarce 
recognized NH 
ius, finally 

numbers, 43 
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nbers ' 
elements Indeed, 
hers, were pre 
Ls6o: thes 
Mewanene ana 
ey r’é pres } 
iwanese in thy 
he elements. Mam 
ical and spectre 
to detect 
ese, but no 
1925, when two 
r Noddack and 
ed® that both 48 and 
‘ally concentrated tro 
and rare-earth minerals, 
dentified by their Rontgen spectra 
newly detected elements were named 
surium (Ma, 43) and ri 
after the east and west 


Germany 


wave 
enlum (Re Angstrom 


boundaries 


un 
Apparently 

made in further 
The discoverers of 48 and 75 pro fication of masur 
eded on the assumption that these el 


rhenium has inerea 


ok Vat , manner ()) 


W Noddack and I | 
ften 13, p. 567; 1925 


reen purified 
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prepared in 1928, the production of an show that rhenium is 


entire gram was described in 1929, while noble than tunesten 

the possibility of an annual production ily in nitric aeid (HNO 
of 120 kg as a by-product from a single = sulphuric acid (H.SO 
chemical plant was announced in 1930. not at all in hydrofi 
The price of rhenium was about $10,000 — hydrochloric (HC! 

per gram in 1928; in 1929 it fell to $50, weight of rhenium 


and in 1930 to $3 per gram. to be 186.31. Its atoms hav 
Alone with the increasing availability to consist of 2 isotopes 

of rhenium has come an extensive ac bers 185 and 

cumulation of facts as to its chemical the general rule 

and physical properties.* A large num ot odd atomic 

ber of chemical compounds of rhenium oft 2 odd niass 

have been prepared and studied. For but this is the 

example, it has been found that rhenium which the heavier isotope 

prefers a valeney of 7 or 6; its higher abundant, the ratio being 

oxides are more stable than those of 1.62 to 1. These are only 

manganese Burning rhenium in a_— new faets which rhenium 

stream of oxygen gas produces a series chemistry. 

of oxides as follows white oxide We shall now review vi I" 


re 


Re () 5 vellow oxide { Re ) 9 red has been learned about 
oxide ReO,), blue oxide Re.O.), and properties of this new element 
black OX de ReQ The last. when Ing point has been dete rmined 


it 
1Té 


heated to 800° C. in hydrogen, reduces 3440 60° on the absol 
to rhenium metal. Rhenium metal can temperature Although this 
also be prepared by reduction of the ture is higeh it is about 

sulphide or of potassium or ammonium § fhe melting point of tw 
perrhenate. Especially simple and effi densitv of ere metal 

cient is the reduction of potassium per- times that of water. its em 
rhenate (KReO,). Only minute quan hexagonal and its aton * rad 


tities of rhenium are obtainable as a 13824 The metal possesses son 


as > MMos , elrer ai SIS + > of *y° . } 
cathode dep an in elect ly IS. Tests of tility and ean be hot forged and 1 
the stability of the metal in the presence The specific electrical resistan 


of oxidizing gases at high temperatures rhenium at ordinary temperat 
‘Tl. and W. Noddack, Zeit. Angew. hem., 0.21x10°* ohm em > per cent 

L25, p. 264, 1927; Zeit. Elektrochemie, 34, P. times that of tungsten The temp 

627, 1928: Naturwissenschaften, 17, p 


( Agte, H. Alterthum, K secker, G ove 
and K. Moers, Zeit. Anora. Allagem. Ve é, 2.4 times greater 1n the direction 


196, p. 129, 1931. This is by no means a com crystal axis than at right angles t 
plete list of publications on the properties of iz, 12.45x 10° and 4.67 x 10 
rhenium, but the papers listed here will be 


ture expansion coefficient is found 


leetr (mi) it rhe 
found te contain references to other publica electron emission of rhenium 
tions. F. W. Aston, Nat 














sured in the temperature range 


to 2700 K ; it emits only J to 





; strongly as tungsten, or with the same 
a temperature 





nsity as tungsten at 
to 2ZUU° 
erhaps the most important and inter- 





lower. 





A 


ting property of any atom is its power 





emit or absorb radiation; this impor- 
nee arising from the fact that such 
liation identifies an element uniquely, 
reveals the 
Of 






interesting because it 
‘tronic structure of the 
ise, everybody knows that the quon- 
atom 





atom. 






m ‘‘indivisible’’ has been sub- 


Udill 


ivided into protons and electrons, 





the 





nit positive and negative electrical par- 
which now re- 





waves are 
garded as the 

ording to a theory proposed by Bohr 

1912, the solar 
system in that a 
nainly of protons) 
is surrounded by electrons in defi- 
orbits like the planets. From this 
wept of an atom the ‘‘quantum the- 
rv of spectroscopy ’”’ has been developed 
for the observed monochro- 


S or 





unresolvable ultimates. 





\e 


the 


consisting 





atoms resemble 





nucleus 





corresponding to the 





sun 
n 









account 
matic radiations emitted by atomic sys- 
On the basis of this theory a 






tems. 


spectral line corresponds to a definite 






hange in energy of an atomic system; 
indeed the frequency of the radiation 
multiplied by a universal constant (h) 







is exactly equal to the energy change. 


The changes of atomic energy were as- 






sumed to represent changes in the orbits 





of the planetary electrons, and, guided 
mainly by a few known facts of optical 
spectra, Bohr was able to outline a proc- 
ess of atom building which specified the 
number of electrons and described the 
orbit of each that entered into the struc- 
ture of an atom. In this way the peri- 
odie classification of the chemical ele- 
ments was arrived at from spectroscopic 
data, and the road to further knowledge 
about atoms was paved. During the 
past five or six years different types of 












atomic energy changes (usually called 
have 





spectral terms) been recognized ; 
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FIG THE RHENIUM ATOM ACCORD 
ING TO BOHR’S THEORY 
D FT ct} I \ ( 
oO SPE¢ Al F ( 
} RATIC 4 i 
( S IS A Y ( 
FIGURE rHIs Is 8 7 
GROUI » I Ss fF 
‘ ERMOST GRO ( 7 
ECTR( Ss Fc r 
RON T s 1 O 
ENERGY (¢ $ oO 
IN THE IND K, L, M ‘ 
PLA ) FROM ( Pt 
THE OPTICAL SPI S PRO ( 
CHANGES OF E { ONS l 
CTUAL DIAMETER OF R $ ABO 
0.000 l 
these have been correlated with electro. 
orbits and configurations so that 
spectroscopic phe nomena are now as 


tomiec systems and 


definite a 
This deve lopment has mad 


signed to 
activity. 


possible to infer the structure of an atom 


from the analysis of its spectrun 
The first spectral data for rhenium 


were the Roéntgen lines already quoted ; 


they constituted the first pro tf of the 
existence and capture of this new el 
ment. Investigations of the Rdéntgen 
spectra of rhenium were soon extended 
and in 1928 detailed descriptions had 
been published.' In the same ear tl 
discoverers anni uneced that the are nd 
spark spectra of rhenium were qualit 
tively known and that several indred 


lines were known certainly to belong to 
it. No further information was given 
except that the ultimate lines of the opti 
cal spectrum serve to detect rhenium in 

6H. Beuthe, Z Ph ., 00, p. 762, 1928 
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concentrations down to 1 part in 10 mil- 
lions. The last statement suggests that 
the optical spectrum is of considerable 
the for 


ores or 


practical importance in search 
rhenium-containing 
because the ultimate line of the optical 
spectrum is probably the most sensitive 
test for rhenium that can be found. The 
Noddacks assert that the optical spec- 
while the Rént- 


minerals 


trum is sensitive to 10°? 
gen spectrum can not detect rhenium in 
concentrations less than 2x 10-*. Exami- 
nation of 1600 minerals from all parts 
of the world has revealed rhenium in 100 
of them but never more than 0.001 per 
eent. or 10 This explains why all 
attempts to detect rhenium in minerais 
by means of Réntgen spectra failed until 
Noddack and Tacke conceived the plan 
of first enriching 1,000 fold by chemical 
processes the concentration which might 
It also 


absence of 


be expected in certain minerals. 
for the entire 
rhenium lines from tables of the charac- 
other 


accounts 


teristic spectra of chemical ele- 
ments, a case quite different from haf- 
nium which was first identified by recog- 
nition of its predicted Réntgen spectrum 
in ordinary zirconium minerals, and was 
later found to have been represented for 
many years by hundreds of lines in the 
spectrum tables ascribed to 
The natural 
in zirconium ores averages 


emission 
zirconium. 
of hafnium 
several per cent., while no ores contain 
more than 0.001 per cent. of rhenium, 
so that the difference in behavior is due 
to great disparity 
rather than to a difference in sensitivity 
of the ultimate spectrum lines. 

Spectral lines of hafnium were posi- 
tively identified with faint lines in the 
solar spectrum but a similar comparison 
of rhenium with Fraunhofer lines dis- 
no coincidences. This does not 


concentration 


in concentration 


closed 
disprove the presence of rhenium in the 
sun, it only indicates that the concentra- 
tion of rhenium in the reversing layer 
of the sun’s atmosphere is less than 
10-*. The earth’s crust consists of about 
10-° hafnium and, according to the latest 
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estimates, of about 10-° rhenium 
assume the ratio to exist 
sun the detection of 
the solar spectrum and the 
find rhenium are both 
plained. 
A complete and accurate des 

of the optical spectrum of rheniw 


same 


hafnium 


lines 


the analysis of its structure, 
latest contributions’ to our knov 
the properties of this new aton 
light of an electric are in which r} 
is vaporized has been photograp 
the largest spectrographs at the B 
of Standards: 3.000 ni 
ranging in wave length from 2,10 
the ultra-violet to 8,800 A in thy 
red have thus been added to the da 





about 


spectroscopy. The relative int 
of these have been estimated on 
ranging from 1 to 2,000 and pr: 
all the have bee 


counted 


stronger lines 


for as transitions 


atomic energy states, many « 
have been identified with electr 
figurations in the atom. Thus 


the normal 


is deserib 


been established that 
of the rhenium atom 
spectral term associated with 7 

electrons, and certain excited stat 
definitely identified with orbital c¢!| 


of one or more of these outer el 
have 





Series-forming terms been 
nized which permit a calculation 
ionization potential of the rl 
atom. This is a measure of the sta! 
of the group of valence electrons. lt 
expressed as the potential differ 
through which a free electron must 
to acquire sufficient energy to re! 
one of the valence electrons 
lision, and for rhenium 
found to be 7.85 volts. 
more prominent and significant lines 


upon 
atoms 
Some of 


the rhenium spectrum are shown in | 
1 and 2, and as a crowning achieven 
a picture of the rhenium atom as 
duced from its optical spectrum is gi’ 
in Fig. 3. 

7 W. F. Meggers, B. S. Journ. Res., 6, p 


1931 (R. P. 322). 
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DurtnG the last few years the mathe- 
matical public has enjoyed at various 
times the invigorating experience of 
changing its mind as regards the mathe- 
matical attainments of the ancient Baby- 
lonians and the ancient Egyptians. A 
number of new discoveries relating 
thereto have been announced in a his- 
torical publication inaugurated in 1929 
under the title ‘‘Quellen und Studien 
zur Geschichte der Mathematik’’ which 
appears in two series entitled ‘‘Quellen’”’ 
and ‘‘Studien’’ respectively. The first 
volume of the former series (1930) is 
devoted to a translation into German of 
the noted Moscow Mathematical Papyrus 
by Professor W. W. Struve. It may be 
of interest to note here that on page 181 
thereof, Professor Struve makes the fol- 
lowing comment which is in disaccord 
with the view commonly expressed : ** In 
no ease can the Babylonian mathematics 
be regarded as on a higher level than 
the Egyptian, even if we should soon 
become acquainted with more formulas 
from the cuneiform inscriptions than 
from the hieratie papyri.’’ 

This relatively favorable view as re- 
gards the ancient Egyptian mathematics 
was based to some extent on the widely 
different character of the sources of our 
present knowledge relating to the mathe- 
matics of the ancient Babylonians and 
the ancient Egyptians. Professor Struve 
pointed out that in the case of the former 
our knowledge is based on what appears 
in large collections which may have been 
royal or temple libraries, and, therefore, 
on what was probably the best of the 
periods concerned, while in the case of 
the latter it is based on scattered dis- 
coveries which may not represent the 





THE MATHEMATICAL WEAKNESS OF THE 
EARLY CIVILIZATIONS 


By Professor G. A. MILLER 


OF ILLINOIS 





419 


most advanced attainments of their 

times. Judging from the material actu 

ally available at the present time theré 

seems to be no question as r vards the 

relative superiority of the Babylonian 
> 


mathematics, as was pointed out by Pro 
fessor O. Neugebauer on page 325, vol 
ume 1 (1930), of the ‘‘Studien’’ noted 
above. 

One of the most instructive studies in 
the history of mathematics relates to the 
values used by various peoples for the 
ratio of the circumference of a circle to 
its diameter. It is well known that in 
this respect the ancient Egyptians ar 
supposed to have excelled all other pre 


Grecian nations since they assumed that 


the area of a cirele is equal to that of a 
square whose side is eight ninths of the 
diameter of the circle. This implies that 
the ratio in question is the fourth power 
of four thirds and some mathematical 
historians have assumed that the ancient 
Egyptians realized this implication. <A 
much cruder value for this ratio is the 
number 3 which appears in the litera 
ture of various ancient countries, includ 
ing Babylonia, and is also found in our 
Bible. It would not have required a 
very carefully planned experiment to 
exhibit the inaccuracy of this and every 
other assumed value for this ratio on the 
part of the pre-Grecian mathematicians, 
but as far as is now known such an 
experiment was never made before the 
times of the ancient Greeks notwith 
standing its simplicity. 

The fact that very crude approxima 
tions for the value of the ratio of the 
circumference of a circle to its diameter 
were commonly employed even in medi- 
eval times, and were often regarded as 
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accurate, seems to imply that credulity 
rather than experimentation has been 
the prevailing trait of the human race, 
especially in the early civilizations. By 
measuring the circumferences and the 
diameters of the wheels of their chariots 
with care they could readily have found 
that the commonly assumed values of 
this ratio are inexact and it is somewhat 
surprising that those who constructed 
these chariots did not point out the in- 
accuracy in such prevailing views relat- 
ing thereto. The recent discoveries re- 
lating to the mathematical attainments 
of the ancient Babylonians and the an- 
cient Egyptians make it more desirable 
to emphasize the noted shortcomings 
since otherwise these discoveries would 
be apt to convey an ineorrect impression 
of the true situations. 

A true picture of the mathematical at- 
tainments of ancient civilizations implies 
an emphasis on the evidences of weak- 
ness as well as on the evidences of 
strength. In the histories of mathemat- 
ics the attention is too frequently con- 
fined to the latter. For instance, in his 
work noted above Professor Struve 
stresses the relative accuracy of the sup- 
posed value used by the ancient Egyp- 
tians for the ratio of the circumference 
of a circle to its diameter as compared 
with that used by the ancient Baby- 
lonians. It is, however, more important 
to note that there is no evidence tending 
to show that even a single pre-Grecian 
mathematician discovered a method for 
finding the value of this ratio to any 
desired degree of accuracy. In this 
respect all the pre-Grecian mathematics 
is on a level and exhibits the same lack 
of coordination of theoretical and ap- 
plied mathematics. In fact, the various 
assumptions in regard to this ratio fur- 
nish one of the ciearest illustrations of 
a tendency towards pure mathematics in 
ancient times. It was much easier to 
make assumptions or to accept the state- 
ments of others relating thereto than to 


test their accuracy by actual n 
ments. 

One of the most striking recent « 
eries relating to the ancient E 
mathematics is the very early us 
theorem that the area of a hen 
is equal to that of two great « 
the same sphere. It is, however 
what misleading to say that the 
Egyptians had a correct rule for fi 
the area of a hemisphere since t 
no evidence tending to prove tl 
could find the area of a cirele t 
desired degree of accuracy. In 
the crudity of their rule relating t 
latter as judged from the modern 
of view it does not seem justifia 
assume that they were able to pro\ 
remarkably elegant theorem that 
area of a sphere is equal to that of 
great circles of the same sphere. At 
rate, it is very important to bear ir 
that, in the pre-Grecian mathe 
which has become known to us, } 
are almost completely lacking and 
this is an outstanding evidence of v 
ness in their mathematical developn 
as compared with those of modern t 

Mathematics has become a repub! 
means of its proofs since these 
enabled the individual to build his 
storehouse of mathematical know! 
Real proofs in mathematics are, howe\ 
impossible without postulates. Up 
the present time we have no evid 
tending to prove that any explicit 
of mathematical postulates was n 
before the period of Greek mathemat 
activity or that any pre-Grecian mat 
matician realized the need of such post 
lates. While the ancient Babyloni: 
and the ancient Egyptians reached 
advanced stage of civilization along « 
tain lines, their extant mathematics 
woefully lacking as regards some of t 
elements which are most fundament 
They did, however, deal with a num! 
of abstract mathematical notions inclu 
ing that of positive rational numbers 
In fact, the ancient Babylonians us 




















also sexagesimal fractions and paid 
much attention to converting common 
ractions into the form of sexagesimal 
fractions as has been proved recently by 
Professor O. Neugebauer in the ‘‘Stu- 
noted above. 

According to these ‘‘Studien’’ we now 

yw at least 19 Babylonian problems 
which vive rise to quadratic equations 
nd with respect to ten of these the 
details of the solutions are given. In 


al 


some eases the method used corresponds 

the modern method of completing the 
sguare and differs only from our modern 
procedure by omitting the double sign 
when the square root is extracted. All 
the earlier aceounts, relating to the his- 
torical development of the quadratic 
equation have become antiquated during 
the last three years as a result of these 
discoveries relating to the mathematical 
attainments of the Babylonians during a 
period of at least 1,500 years, beginning 
about 2000 B. C. 
esting to observe that this period 
overlaps that of the early Greek mathe- 


It is especially inter- 


matical activity and hence the said dis- 
coveries establish a continuity in alge- 
braic developments which had not been 
known to exist hitherto. 

A remarkable element of weakness 
common to all the mathematics preced- 
ing the Christian era and extending 
several centuries beyond this period is 
the lack of the use of negative numbers. 
The nature of these numbers is so pain- 
fully and powerfully illustrated by debts 
as well as by distance in an opposite 
direction from those represented by the 
positive numbers that one can see that 
their usefulness could have been ob- 
served comparatively early in the devel- 
opment of abstract mathematics. It is 
therefore noteworthy that even the an- 
cient Greek mathematicians, to whom 
we owe so many fundamental theorems 
of elementary mathematics, failed to 
extend the number concept so as to 
include the negative numbers and that 
this extension can not be regarded as 
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really completed until t- the begin 
ning of the nineteenth centur Even 


such noted mathematicians as H. Cardan 
(1501-1576) and R. Deseartes (1596 


1650) sometimes reasoned very erron 


ously in regard to these numbers sin 

the former tried to prove that -a b 
could not be equ il to d t} latter 
thought that negative numbers increased 
with the increase of their absolute 


values. 
Elementary mathematics is a kin 


intellectual currency which people com 


monly employ, like monetary currence) 
at its stamped values without nuch 
thought as regards the underlying strue 


ture. It is true that in mathematics we 
now aim to explain the fundamental 
principles, but teachers of this subject 
usually recognize at every eXamination 
of their classes that their efforts have 
been only partially successful. 

much of the mathematics which is being 
used at the present time is imperft 
understood by many of those who ar 
using it and the comparatively large 
amount of mathematics that is being 
used at the present time is largely due 


; 


to the comple? IT} f our civilization and 


not to an intrinsic interest in mathe- 
matical thinking. The fact that much 
less mathematics was employed in tne 
ancient civilizations, therefore, does not 
reflect so much a lack of intellectual in- 
terest in this subject as a less urgent 
need of the type of intellectual currency 
represented by mathematics. In divid- 


iS Invert 


ing by a fraction many persé 
the denominator and multiply because 


they were taught a rule to this effect and 


not because they comprehend the reason 
for this rule, which does not seem to have 
been explicitly formulated until several 
centuries after the beginning of the 


Christian era. 


Our modern idea of mathematics is 
that it is mainly concerned with the 
formulations and proofs of general theo- 
rems. Lot { these fundamental no- 


tions are almost completely lacking in 
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the pre-Grecian mathematics. For in- 
stance, in the addition of common frac- 
tions it is now customary to reduce these 
fractions to their lowest common de- 
nominator and then to add the numera- 
tors thereof, but this rule has not yet 
been found in an explicit form even in 
the rich mathematical literature of the 
ancient It is well known that 
the Rhind Mathematical Papyrus of the 
ancient Egyptians is largely devoted to 


Greeks. 


operations with special common frac- 
tions but when such fractions are added 
they are sometimes considered with re- 
spect to a number which is not divisible 
by the denominators of all the fractions 
involved in the operation. It would 
obviously be unfair to regard the mathe- 
matics of the ancients as inferior to our 
own just because their methods differ 
from those now commonly employed, but 
the stating and proving of general theo- 
rems is not affected thereby and hence 
we have here definite evidence of weak- 
ness of the mathematics of the ancients 
as compared with that of modern times. 

This weakness is only slightly affected 
by the recent discovery of the facts that 
the ancient Babylonians used the so- 
called Pythagorean theorem and that 
the ancient Egyptians used a rule fer 
finding the volume of the frustum of a 
square pyramid which is equivalent to 
our modern formula relating thereto. 
The laboratory of the mathematician is 
his brain and its development depends 
on its use and not on an expensive phys- 
ical equipment. It is therefore not sur- 
prising to find even in ancient times 
isolated instances of relatively advanced 
mathematical developments. In a primi- 
tive state of civilization such develop- 
ments naturally attracted little atten- 
tion. Even at the present time the 
mathematician reaches directly only a 
small number of interested persons and 
the new results of his work are usually 
preserved as a consequence of a very 
widely organized effort to disseminate 
useful knowledge and to simplify the 
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determination of what is actual 
The history of the developm 
mathematies constitutes one of t 
reliable and most suggestive aids 
study of the intellectual developn 
the human race. 

Mathematics is a concomitant « 
zation and the concept of number 
antedate the beginning of the de 
ment of a language. Even some 
lower animals have exhibited a 
number concept and primitive | 
are sometimes able to count far b 
their number words. Hence the r 
may be surprised when he meets a s 
ment like the following: ‘‘ Not 
modern times was unity consider 
number,’’ D. E. Smith, ‘‘ Histor 
Mathematies,’’ volume 2, page 26, 
In the commonly accepted sense 
term unity was clearly regarded 
number by the ancient Babylonia: 
well as by the ancient Egyptians. It 
however, obviously possible to 2 
definition for the term number so : 
exclude unity from the 
volved therein and this was sometir 
done by the ancient Greeks and by 
later writers but as far as we know 
it was not done by any earlier pe 
In answering the question ‘‘ how man 
the number one, or unity, was natura 
regarded as a number just as muc! 
two, three, ete., were regarded as nw 
bers, and this conception of number 
very old. The unique properties 
unity, such as the fact that every natu- 
ral number after the first can be 
tained by adding unity to the preceding 
and that a number is not changed whe 
it is multiplied by unity probably d 
not impress the people forcibly befor 
they attained a somewhat advance 
state of intellectual development. 

Since mathematics is mainly a ment 
science a large part of the mathemati 


concepts 


developments are lost to this world wit 

the deaths of the individuals concerned 
Comparatively few have left a record of 
some of their mathematical work and 








































rn times such records are almost 
tirely confined to developments or re- 
ts which are supposed to excel those 
f+ by predecessors. Hence our mod- 
rn mathematics is from the nature of 
ts development superior to that of 
rlier times and the relative mathemati- 
11 weakness of the early civilizations is 
nstantly becoming more pronounced. 
In view of the close interrelations be- 
tween the various parts of mathematics, 
eomparative merits of ancient and 
modern work ean perhaps be more read- 
y seen here than in some of the other 
iences. At any rate, the evolution of 














Tue Great Lakes of North America, 
located on the border line between the 
United States and Canada, are the larg- 
est connected bodies of fresh water in 
the world. They have a combined water 
surface of 95,160 square miles, and their 
land drainage basins cover an area of 
202,920 square miles. Over 64 per cent. 
of the water surface of these lakes lies 
within the boundaries of the United 
States. 

The following table gives some inter- 
esting data for each of the lakes. 
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Superior 350 160 1,180 601.6 
Michigan 307 118 870 579.6 
Huron 206 101 750 579.6 
Erie 241 57 210 570.8 
Ontario 193 53 738 244.5 


The outlet for these lakes is through 
the St. Lawrence River. Their maxi- 
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mathematies is definitely established 
notwithstanding long periods of 
and even of slight retrogressions. Our 


} 


modern periad of development seems to 


be one of unprecedented rapidity and to 
point to unlimited room for new ad 
vances. This applies especially to writ- 
ten work Whether our progress in 
mental arithmetic is equally marked is 
difficult to determine As far back as 
about 1300 B. c. the ancient Egyptians 
seem to have emphasized mental arit} 

metic as results from the llowing ad 
monition: ‘‘When you leulate men 
tally do not allow a word to be heard 
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mum discharge, measured opposi 
Ogdensburg, N. Y., has been estimated 
as 320,000 see. ft.; their minimum as 
191,000 see. ft 
000 see. ft. Lake Superior, the largest 
single body of fresh water in the world, 
receives the flow from 200 rivers. The 
other lakes have many small streams 
entering them, none of which is very 
large 

Through the connecting straits, rivers 
canals and the St. Lawrence River, a 
continuous waterway is provided for 


2.200 miles, as measur 


distance of over “d 
from Duluth to the Atlantic Ocean. The 
large population in the territory su 
rounding the Great Lakes, some of it be- 
ing centered in our largest cities, the 
rich natural resources available for in- 
dustrial purposes within adjacent land 
areas and the existing power and indus 
trial developme! ts at Niagara Falls, ae 


count for the enormous amount of water 
borne traffic on these lakes. In 1926, 


137,000,000 tons of raw and manutac- 


’ 
| 


tured materials, valued at more than two 
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billion dollars, were carried in lake ves- 
sels. In spite of the fact that naviga- 
tion of the lakes is confined to approxi- 
mately seven or eight months of the 
year, due to shore ice at lake ports and 
to dangerous storm conditions during 
the winter months, their tremendous 
economic value to the United States and 
Canada for water transportation pur- 
poses may be realized. 

The water in the Great Lakes is usu- 
ally of excellent quality for public water 
supplies when unpolluted by sewage. It 
is remarkably uniform in the kind and 
quantity of its chemical constituents. 
They are moderately hard waters and do 
not need to be softened unless a very 
soft water is required for industrial pur- 
poses. They are usually free from large 
amounts of suspended matter, except 
following storms which may stir up for 
short periods matter deposited on the 
bottom. On account of their usual clar- 
ity, they are frequently infested with 
microscopic organisms during the 
warmer months of the year. These or- 
ganisms require sunlight for their 
propagation and are a frequent source of 
trouble in the operation of water puri- 
fication plants. From the sanitary 
standpoint, the natural waters of these 
lakes are of great purity, but, as will be 
shown later, the problem of securing this 
water for public supplies is complicated 
by several factors, some of which are 
difficult, if not impossible, to overcome. 

Intakes for public water supplies on 
the Great Lakes are either of the sub- 
merged type or are provided with a su- 
perstructure which projects above the 
surface of the lake. The intake cribs are 
connected to the shore by either pipe 
lines laid in a trench on the bottom of 
the lake, or by means of a tunnel under 
the bottom of the lake. The distance 
from shore at which intakes are placed 
varies greatly. It is desirable to place 
intakes in not less than 20 feet of water, 


» 


if possible, and preferably in 35 to 40 
feet. The slope of the bottom naturally 





fixes the location of the crib, 
depths of water above the intal 

be obtained. Consequently, int: 
found located anywhere from 1, 
to six miles from shore. Whe 
pressed air 1s required to econstm 
takes and tunnels, it is probabl: 
practicable to work in depths o! 
greater than 100 feet. Shallow 
waters may become filled with st: 
ice floes during the winter mont 
sandy or silted bottom may cause 
difficulties by clogging intakes, 
pipes and tunnels; and anchor ice 
block the ports of eribs, if th 
placed in too shallow water. Al 
conditions have a bearing on the q 
of the water which may be obtained 
the lakes, and obviously necessita 
conclusion, that, although the great 
of the water in these lakes may b 
high degree of purity, only the 
within a few miles of the shore are r 
available for public water supplies 

While the natural impurities ip 
lake waters are relatively sma 
amount, the need for their remo\ 
now generally recognized, especia 
the standards for potable waters 
advanced during the past two d: 
The necessity for drinking water s 
plies of exceptional purity, as reg 
their bacterial content, is of even gr 
importance to the water consumer, s 
the removal of such pollution is in 
ance against water-borne diseases. T 
phase of the problem involves the nat 
and extent of the pollution of the av 
able waters of the Great Lakes by s 
age and trade wastes. 

With the exception of the city of C 
cago, which diverts its sewage throu 
canal into the Des Plaines River, 
empties into the Illinois River, and 
latter into the Mississippi River, all 
sewage from the watershed of the Gr 
Lakes eventually finds the way 
them. While treatment and nat 
dilution may diminish the amount a1 
danger from the impurities in thes 
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os wastes, the fact remains that there is 
; | ing discharged daily immense volumes 
polluting matter into lake waters. 
Since from this same source is drawn the 
mn major part of the public water supplies 
; r a large population on their shores, 
P93 . danger of infection from water-borne 
liseases and the imperative need for the 


irification of water supplies are selt- 


vident. 


‘ There have been several important in- 
- vestigations of the extent to which lak 
Thess waters have been contaminated by sew- 
+e age during the past twenty five years 
= Probably the investigation which covered 
. the greatest area was conducted by a 
- joint commission provided by treaty be- 
. , tween Great Britain and the United 
. States, wherein the United States and 
the Dominion of Canada undertook to 
nswer the question. ‘“*To what extent 
: nd by what causes and in what local- 
ses ities have the boundary waters between 
: the United States and Canada been pol- 
7 luted so as to be injurious to public 
- health and unfit for domestie or other 
— uses.”’ The second portion of the refer- 
ue ence dealt with remedial measures. It 
will be noted that this investigation re- 
lated only to ‘‘boundary waters between 

3 the United States and Canada.’’ 
Bi The work was carried on during the 
: years 1913 and 1914, and covered, so far 
as the Great Lakes are concerned, Lake 
pone Superior opposite Port Arthur, the St. 
his Mary’s River, the St. Clair River be- 
a tween Lake Huron and Lake St. Clair, 
- Lake St. Clair, the Detroit River be- 


tween Lake St. Clair and Lake Erie, the 
western end of Lake Erie and the latter 
opposite Port Stanley, the Niagara 
River, the western end of Lake Ontario 
and the eastern end where it discharges 
into the St. Lawrence River. 


t Special investigations of Importance 
re have been conducted opp ite several] 
int large cities, notably those at Chicago and 
J Cleveland. In 1924-25, the U.S. Publie 
Lu Health Service, in cooperation with the 
es 


Sanitary District of Chicago, the Chi- 
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winds, by the contour of the shore line and by 
the slope of the bottom outward from the shore. 
(3) That direct contamination of intake 
waters from passing vessels and from the 
dumping of material dredged from harbors and 
rivers, the waters of which are badly polluted, 
ppli 


es 


may be a source of danger to water s 


,7 
plies. 
(4) Ths ilution of sewage and trade waste 


discharges wi he purer water of the lake, 
and the accompanying biological factors tend 
ing to diminish the concentration of polluting 
matter, is an uncertain factor of safety, owing 
to the erratic and irregular diffusion of these 


discharges. 


It may be well to point out more 
specifically the areas of gross pollution 
and to show how they are affected by 
lake conditions. For example, the city 
of Detroit and its suburbs discharge 
their untreated sewage into the Detroit 
River, which connects Lake St. Clair 
with Lake Erie, while the Niagara River 
receives the sewage of Buffalo and ad- 
jacent cities. In these rivers a weil-de- 
fined current carries the pollution down 
stream into Lake Erie and Lake On- 
tario, respectively. Diffusion of the 
sewage, therefore, is governed largely by 
the factors exerted under stream-flow 
conditions. The western ends of these 
two lakes show the contaminating effect 
of these polluted streams for some dis- 
tance from the mouths of the rivers. As 
the streams or connecting straits between 
these lakes are quite broad and the cur- 
rent well defined, sewage discharged 
from outfalls may be carried in stream 
lines without much diffusion for consid- 
erable distances. However, the action of 
the winds in setting up deflecting cur- 
rents is not without its effect even here. 

The conditions influencing lake water 
pollution opposite centers of iarge popu- 
lation, such as at Milwaukee, Cleveland, 
Toronto and many other of the larger 
towns and cities, differ somewhat from 
those described on the Detroit and Ni- 
agara Rivers. Dangerous contamination 
of shore waters in this case is produced 
principally by the irregular diffusion 
brought about by surface and sub-sur- 
face currents induced by wind action 


and 
plaine 


other 


factors, as previo 


od. Since these conditions 


controllable and difficult, if not 
ble. to forecast. the danger of « 
nating intake waters used as publi 


plies becomes a serious problem 


The 
the k 


> movement of the water 


ikes 


1 


is very Siow, 


‘or é 


with an assumed uniform flow in 


section of Lake Erie O} 


posite . 


the current produced would be 0.1 


a mile per day, if there was no w 


ing to produce surface and sub 


curre 


nts. 


1} 


This general drift « 


water is negligible when compar 


currents induced by wind action 


been estimated that surface curr 


the |] 


ake 


will have on an aver 


velocity of about 5 
velocity of the wind. 
evident that the duration of the air 
rents in any one direction, as 

their intensity, will materially affe 


water 


winds have a 


eurrents in the 


] 


er cent 


It is of ( 


lakes. UO) 


tendency to pile up 


water along the shore, and it natw 


returns as 


the la 


ke. 


an undertow to the bo 


Under such conditions, it 


be easily perceived how polluted 


from the shore may find its way d 


to water intakes, and how sewage 


outfall sewers will be swept outward 
On the other hand, off 
winds will carry the surface water a 
from the shore and will bring the p 


the l: 


ike. 


water from beyond the zone of 
pollution toward the shore. Under su 


circumstances a purer water is ! 
likely to be obtained at the intakes 
though the outward flowing polluted s 


face 


may be a source of contamination to i 


wate 


r, unless rapidly dispers 


take waters even under these conditi 

Temperature changes in the waters 
the lakes are also factors which mod 
the quality of the water at differ 


pericds of the year. 
lake there is probably a stagnant |: 


of eold water which 


much 


in 


temperature 


] 


does not chai 
throughout 


At the bottom Oo 


+ 
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Variations in the temperature of 
vater in the zone occupied by the 
fifty or sixty feet from the surface 
bably induce vertical currents. Since 
1 action is not likely to stir the water 
a depth of fifty feet, it is ap- 
that all the factors affecting dis- 
of polluted waters along the 
are most active within this zone, 
hich is probably fortunate from 
view-point of rapid natural purifica- 
processes. 
The chances of intake waters being 
ntaminated by passing vessels are not 
is remote as at first thought might be always 
ticipated. The enormous traffic on problems d 
» Great Lakes means that a large num- Great Lak 


er of vessels pass daily within short dis- sewage an 
of water intakes. Polluted ballast if water purific 


being discharged by vessels leav- become overload 


‘entering the harbors, and the sew- shore properties 
1ich they may discharge in passage, dence purposes, 
is a possible source of contamination, up on the shore of 
ilthough regulations governing these of oil and grease, 
conditions are supposed to be strictly meed for adequat 
followed. The entry to the lakes of for all sewage 
ean vessels from foreign ports, which charged into t! 
will result in the greater use of the St. mined effort to 
Lawrence waterway, opens up possibili- land lakes for wat 
ties of the introduction of cholera and _ tional purposes by 
ther water-borne diseases, unless the methods of treatment of both s 
strictest enforcement of quarantine regu- trade wastes, is an ol 
lations is observed. who can speak with authority upon 


From the foregoing description of the important sanitary problem 


‘ 


jigation 








By Professor J. 
THE UTAH STATE AGR 
BacTerRIA govern the length of man’s 
life and determine the part of the earth 
on which he may live. They have de- 
feated and destroyed 
nations which have been the glory of the 
world have down before them. 
The majority of individuals born to-day 
would enjoy health and live to old age 
were their bodies not invaded by 
microbes. They are no respecter 
persons, nor are they governed by the 
edicts of rulers. However, at the com- 
mand of modern science they are com- 
mencing to relinquish their hold, and 
of earth’s most fertile 
where in the past the risk to the visitor 
was greater than the visit to a battlefield, 
are being transformed into tropical 
health resorts. Some microbes are no 
longer the fairy-tale adventurers 
death and disease. They are being con- 
trolled; disease is being reduced, and 
during the past century man’s expec- 
tancy of life has been doubled. Still 
much remains to be done, for the learn- 
ing and the practicing of the laws of 
sanitation can prevent more suflering 
and save more lives than the abolition of 
war. Here the scriptural entreaty is 
especially appropriate : ‘‘Give me under- 
standing and I shall keep the law; yea, 
I shall observe it with my whole heart.’’ 
Each bit of knowledge gained in this 
field carries man one step nearer the goal 
where he will be the master and not the 
slave of his environment. 

The methods used in the prevention 
and cure of disease are determined by 


armies cities ; 


fone 


¢ 
O1 


some regions, 


of 


man’s ideas concerning the nature and 
cause of disease. Man’s earliest concep- 
tion of disease was that it was due to 


demons. These were supposed to enter 


the body of their victim and rule in a 
merciless fashion. 
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E. GREAVES 


ICULTURAL COLLEGE 


tossed and 

fever, pained and wrenched as thoug 

creature were tearing or twisting hi 
rationally finds a personal spiritual < 
his sufferings. In hideous dreams he 1 
the ghost or 
plagues him. This 


possession, 


The possessed man, 





see very nightmare 
the 
demoniac which has 
and still remains, the dominant theor 


and the lk 


is 


savage 


been 


ease inspiration among vi 
It is obviously based upon an animist 

. . { 
pretation, most genuine and rationa 


proper place in man’s intellectual hist 
the actual symptoms of the case. 


Such was the belief concerning dis 


+ 
i 


amongst the early ancestors o 
civilized man, and such is the b 
primitive man even to-day. Log 
such a disease could be cured o1 
dislodging the invading 
what was more natural than to co: 
that this could be accomplished by 
or by flattery? The medicine-ma 
tempted to force out the invad 
making the habitation unbearable. 
victims were whipped, loaded 
chains, given ill-smelling and ill-tast 
drugs, all in the hope that the d 
would more congenial 
Often attempts were made to entic 
out. Here charms, incantations and s 
rifices played a prominent part. 
centuries roots and 
scribed because of their symbolic 
Curious things were used, such as 1 
scraped from the head of a 
hanged in chains, or from mummies f! 
the Egyptian tombs, or the root 
plants gathered in a graveyard dui 
the dark of the moon. It was not unt 
man disearded the belief that insai 
1 manifestation of demoniac poss 
sion that the last vestige of the demo: 
theory disappeared from the med 
idea of civilized man. 

Hippocrates, 


m 





demon, 


seek qual 


herbs wer 


cull 


Oo 
~ 


c 


is 


who is known as 

















f medicine and who lived during 


e fourth century Bb. C., was one of the 
+ to teach that disease is due to a de- 


nent of the body itself. He taught 


the body contains four humors: 
d, phlegm, yellow bile and black 
When these were present in the 
eht proportion, one enjoyed good 
alth. Small variations accounted for 

erenees in temperament; a sanguine 
mperament was due to a preponder- 
nee of blood: a phlegmatie to an excess 
phlegm; and a bilious or melancholic 
mperament to a surplus of bile. 
Greater variations resulted in illness; 
henee, it was the object of the medical 
profession to keep the proper balance 
f the humors and in this way to main- 
tain health. 

Hippocrates’ theories were not seri- 
usly questioned until the seventeenth 
century, when a flood of new theories 
burst forth. Some of those were even 
more complex and mystical than the 
ones they were intended to supplant. 
Disease was regarded as ‘‘an intestinal 
movement of particles,’’ a ‘‘struggle be- 
tween nature and disease-producing mat- 
ter,’’ a “‘lack of tone or an insufficiency 
There was the dynamic-or- 


of tone.’’ 
ganic system of Stahl, who believed that 
the soul was the supreme principle of 
disease. There was the mechanico-dy- 
namie system of Hoffmann, which stated 
that life expresses itself in motion, and 
that all manifestations in the body are 
controlled by nervous spirits. The 
school of Montpellier taught that various 
organs possess individual life. Mesmer 
claimed that magnetic fluids flowed from 
the hand, and the Bremontau system 
asserted that all that was necessary for 
a cure was to determine the grade of a 
disease in accordance with the strength 
or weakness of the active irritation, and 
to adjust the right proportion of 
strengthening or weakening medicine to 
the ease. The theory which lasted long- 
est and had the greatest effect upon 
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medical practice was the 
homeopathy founded by Hahnemam 
1775-1843 He defined dis 
‘“spiritual dynamie derangen 
spiritual vital principl His theor 
was that the potency of drugs was i 
creased by auution, provided the dilu 
tion was accompanied by shaking. In 
some cases it was also supposed to | 
increased by poundir Accord 
he and his followers « r drugs 
to an enormous extent. They also tested 
them upon themselves In the case « 
ordinary tinctures he recommended di 
luting two drops with 98 drops of 
hol, taking two drops of this mixture 
and adding 98 drops of aleohol, and re 
peating t! e process oU times. Vers! 


commented on the 
by saying that he would defy even a 
German to detect beer at the mout 

the River Spree after a glass of it had 
been spilled into the 
Hahnemann taught that in 
curing disease a knowledge of anatomy 
] 


river seven mules 


upstream. 


and physiology was unnecessary, and 
that pathology was a hindrance. Not 
only were the dosages he recommended 
always extremely small, but many ol 
his preparations were of a highly p 
and romantic nature There wer 
Lachryma J la, the tears of a young oir] 
in great grief and suffering; flavus irides, 
the yellow rays of the spectrum, the ex- 
tract of three kinds of lice, and the like 
It is almost incredible that such a doc- 
trine could exist, not to say flourish, for 
nearly half of the most progressive of 
all centuries. Yet it did, and was in 
the end actually an advance over some 
of the previous methods that had been 
emphasized in which prescriptions « 
tained upward of one hundred ingré 
dients. Some of the old presc! S 
had been built up by succeeding 

tions of doctors, each doctor leving 


that he must add one or more drugs as 
his contribution to the prescription, or 


consider his life wasted. Thus, it is n 
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surprising to learn that homeopathy 
eured more than the systems it was re- 
placing. It appeared to substantiate 
the statement of Oliver Wendell Holmes: 
“If all the drugs that had ever been 
used for the cure of human 
gathered together and thrown into the 
sea it would be ever so much better for 


ills were 


humanity and ever so much worse for 
the fishes.’ 

As is so well stated by Kopeloff: 

This maelstrom of confused theory was finally 


directed into a definite current. Louis Pasteur 


rose like a Triton. By the brilliance of his 
genius, by the clearness and breadth of his 
vision, he formulated the bacterial or germ 


theory of infectious diseases which must for- 
dominate No could 
malevolent spirits be held responsible for dis- 


ever medicine. longer 
ease, nor could an improper admixture of the 
four humors be regarded as the cause of ill 
health. Disease was but another example of 
the struggle for existence. It was life preying 
on life; the invasion of the macro-organism by 
the micro-organism. 


His first contribution the 
covery of the cause and method of pre- 


was dis- 
vention of pebrine, a disease of the silk- 
worm and named from the black-pepper- 
like spots appearing in the body of the 
infected silkworm. It was undertaken 
by Pasteur in 1865 as a patriotic duty 
at the request of an old friend, Dumas, 
one who admired, had confidence in, and 
could foresee Pasteur’s future greatness. 
For five Pasteur struggled 
without sufficient equipment, facing 
criticism and discouragement, suffering 
the loss of a kind father, of two loving 
children, and he himself brought near 
the brink of the grave by a cerebral 
hemorrhage which left him a cripple. 
In spite of these obstacles, Pasteur won. 
He found the black specks in the body 
of the diseased silkworms to be the cause 
of their death. He found that diseased 
moths lay diseased eggs from which de- 
veloped diseased silkworms. These soon 
died or were useless in the production 
of silk. The germs left on leaves or in 
dust soon perished, but the ones in the 


years on 
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eggs survived. 


Pasteur proved 
disease might be ended by the d 
tion of all diseased eggs. To this 
he devised the process of placi 
female moth when ready to lay 

on a separate piece of linen. Afi 
had laid its and adhered 
linen it was dried, removed fr 
linen, ground up in water, and t! 
examined microscopically. If 


eggs 


specks were present the eggs w 
stroyed; if not, they were kept 
due time yielded healthy 
When the method announce: 
ery came back: ‘‘It is impractical! 
which Pasteur impatiently answ 
**Don’t tell me that 
thing simpler than a preventive 

which is to just put your eye to tl 
piece of a microscope after pound 
moth in a mortar, with a few dr 
water—mere child’s play, takir 
hour or two to learn.’’ But the | 
dice, falsehood and bickering wer 


silky 


was 


any one wants 


come only by Pasteur taking ove 
old, badly infected, valueless (in 
as the production of silk was concer 
plantation and transforming it int 
profitable, productive, disease-free es 
lishment. By so doing he demonstr 
the practicability of his method, res 
the silk industry, and saved Fr 
something like four millions of dd 
yearly. 

The second disease to be 
was anthrax, a disease highly fatal 
widely prevalent among the lower 
mals. With man it is quite rare 
less fatal. It is referred to in b 
sacred and profane history, modern 
ancient. No one knows where or w 
it had its origin. Until the last quart 
of the eighteenth century man stood 
helpless astonishment before its ra] 
and fatal action. 
organism to be seen by man, the first 
be obtained in pure culture and on 
the first to be conquered. 

In 1877 Pasteur set out to discove! 


conqgut 


Its eause was the first 














For years he strug- 


re or prevention. 
cled on. He traveled through infected 
listricts, listened to the farmers’ stories, 
‘udied its natural history. He grew 
test-tubes and 


micro-organism in 
nroved that it could be transferred from 
lask to flask and still produce the dis- 
ase in susceptible animals. He sub 


ected the organism to abnormal tem- 


p ratures, injected it into the bodies of 
animals, and found that they did not 
contract the disease, but on the contrary 
such eultures rendered the animals im- 
mune. After repeated verification of 
the results, and after most careful analy- 
sis, he announced to the world that he 
had found a prevention for anthrax. 
His announcement fell on the ears of 
scoffers and skeptics. One veterinary 
urnal in 1881 earried the following: 
‘Will you have some microbe? There 
is some everywhere. Microbiolarty is 
the fashion; it reigns undisputed; it is 
a doctrine which must not even be dis- 
eussed, especially when its Pontiff, the 
arned M. Pasteur, has pronounced the 


? 


sacramental words, ‘I have spoken.’ 


Ridicule, sarcasm and even personal 
abuse was not to deter the man who had 
fought through sorrow and illness and 
who knew that he had discovered a great 
truth. 
ment and surprise when 
nounced that he would submit the ques- 
tion to a decisive publie test. Fifty 
sheep were to be given the virulent an- 
thrax bacteria. One half of them were 
to have been previously protected by the 


Great indeed was the astonish- 
Pasteur an- 


vaccine, while the other half were not. 
Pasteur predicted that the twenty-five 
unprotected sheep would perish, while 
the protected ones would survive. On 
May 5 the animals to be protected were 
given their first dose of the vaccine. 
Twelve days later they were given a 
On May 31 beth groups 
anthrax bac- 
On the afternoon of June 2, the 
farmers, veteri- 


stronger dose. 
were given the virulent 
teria. 
crowd, 


composed of 


narians, physicians, journalists and s 
entists from near and far met to learn 
whether Pasteur was a dreamer or a 
prophet. What they saw was one of t 
most spectacular scenes the history of 
peaceful science, a ene wi h Past 
afterwards declared mazed thie s 
sembly.’’ Seattered about 1 
sure, dead or dyi t un] 
tected sheer p. Tw \ v a 

the other three survived only a 

time. The vaeceir ited § pw 
perfect health. Thus was re ster 
victory of far-reaching imp 

the conflict man is wi ! t « 
ease. 

This accomplished, | rned his 
tention to hydrophobia, that dre 
disease with a mort p 
100 per cent. and after rs 
arduous labor, he prepa var 
which cut the mortal 7% tha ] 
per cent. 

For centuries some of t ! fe 
areas of the new world were uninhabit- 
able to the white race, or if percha 
any of this race settled in those re 
the appearance of yellow ver for 
fully reminded them that they mus 
move or die. Ninety times it vad 
the United States, often enacting s 
which were the counterpart t 
plague days in London. For four ce1 
turies the narrow Isthmus of Panan 
was regarded as the white man’s grave 
It is claimed that the first railroad cor 
structed across it cost a human life 
each tie. Ferdinand de Lesseps r 
undertook to construct a eanal across 
the isthmus, was foreed to abandon it 
not through lack of engineering skill 
but because he did not recognize tl 
part played by the mosquito. His men 
died like flies. Common laborers, nurses, 
doctors and engineers alike fell prey 
One vessel brought over fron Fran 


eighteen 


young 


month after their 


had died. 


Before 
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abandoned, thousands had lost their 
lives, and it was hard to keep enough 
well to care for the sick. Eighteen per 
cent. of all the men employed had died 
and many more were helpless. Twenty 
years later, due to the advancement of 
sanitary science, a canal was constructed 
and that with a mortality of slightly less 
than 16 per thousand! ‘To-day the 
mortality is less in the canal zone than 
in many of our large cities. The cause 
is due to the discovery of the cause and 
method for control of yellow fever. 

The discovery of antitoxin for diph- 
theria has reduced the mortality of this 
disease from 30 to less than 3 per cent. 
and the introduction of the toxin and 
antitoxin foreshadows its absolute con- 
trol. The work of the Dicks bespeaks a 
similar victory over scarlet fever. Ty- 
Asiatic 
cholera and plague are fast being swept 
from the earth. Typhus fever and a 
number of other diseases are within the 
control of man. What are the methods 
by which man is accomplishing such 
They are based on five firmly 
established principles: 

(1) The so-called communicable dis- 
eases by 


phoid fever is all but controlled. 


, 


marvels ! 


are caused micro-organisms 
which are the descendants of other simi- 
lar micro-organisms. If these disease- 
producing micro-organisms are kept 
away from the body of man there can 
not develop within him an infectious 
disease, regardless of his physical con- 
dition. These micro-organisms always 
breed true, and it is just as possible to 
grow a crop of diphtheria germs, ty- 
phoid germs or tuberculosis germs as it 
is to raise a crop of potatoes; and the 
bacteriologist would be just as surprised 
to reap a crop of diphtheria where he 
planted typhoid as the farmer would be 
to harvest potatoes where he had planted 
corn. 

(2) The great majority of microbes 
which produce disease in man multiply 
only in the body of man and lower ani- 
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mals; hence, when seeking the 
preducing micro-organisms fo 
tory study, we turn to man 
things which he has handled. 

The 


microbes 


evidence is 
which 


complete 
tube 
influenza, ecerebr 


cause 
pneumonia, 
meningitis, scarlet fever, typhus 
smallpox, whooping-cough, go. 


syphilis, malaria, yellow feve) 


sleeping sickness multiply only 
is also an 


bodies of animals. It 


lished fact that the number ri 
the body of the animal is no larg 
the number that leaves the b 
another animal. Consequently, t! 
that disease breeds in filth is 


myth. 

(3) Diseases are transmitted thr 
direct contact or through the inter 
tion of flies or food. In other 
the principal spreaders of diseas 
fingers, flies and food. Numer 
found 
ill and often 


ease-producing bacteria 
the mouth of the 
ently healthy individuals, and it 
matter of little difficulty for thos 
ganisms to journey from the lips o! 
individual to the lips of another. 


are 


ordinary drinking cup is only one 
hundred and one things which con 
contact with the mouths of many 
viduals every day and serves as 
means of transportation. Hence, 
idea that diseases are transmitted in t 
air was disproved when it was { 
that smallpox, measles or even sca! 
fever can be housed in the 
pital, or even in the same wards 
other patients without danger of 1 
infection, provided the necessary 
cautions are taken to prevent the cat 


same 


ing of infection from one individua 
another by the attendants. Even 1 
laria, fever the bub 
plague, which seemed to settle from 


yellow and 
air on whole cities at a time, are 1 
known to be conveyed by insects, 

not by air; and it was the conclusion 












_ ' Influenza Commission, after its care- 


study of the great influenza epidemic 


so rapidly spread over all quar- 


I 


s in a ‘‘pair of shoes’’ and not in 


_— } A high state of bodily health 
- 4 -hould be the aim of all, but it does no 
essarily confer immunity to the com- 

a inicable diseases. We should laugh 
scorn the individual who to-day would 

; om lvoecate keeping in the prime of condi- 
n so that he might resist the bullets 

s the enemy. Yet, how many believe 
veneral good health protects against 

tion? We need only use our eyes 

become aware of the fact that the 

ysically fit and robust fall prey to 


. typhoid fever, smallpox, influenza and 
. st other infectious diseases as wt l] as 
vi the weaklings. One should keep in the 


st of physical condition, for it is not 


ntil then that life is really made worth 
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THe traveler comes from 
French with 


tures of vast precipices, towering mono- 


away 
Oceanie most vivid pic- 
liths, flashing lagoons, and the sweep of 
great waves and pounding surf upon 
dazzling coral reefs set in sapphire. 

But there are less pleasant impres- 
chief of them 
of decay, flavored 


sions, too, a brooding 


atmosphere with 
tragedy. 

One observes the pitiful remnants of 
native islands that 
teemed of thousands; 
deadening influence of French bureau- 
world-distant Paris these 
far-away mystic isles; and the corrod 
(often 


once 


the 


peoples on 


with tens 


eracy in on 


ing effect of European influences 


themselves) when applied 


in 
blindly to people whose attitude toward 
was so altogether dif- 


rood 


life and society 
ferent. The 
long ago, and those ih power to-day 


natives were destroyed 
must not be blamed for the errors of the 
past. 

However, the highly centralized gov- 
ernment of France necessitates that any 
important decision must be referred to 
Paris, where some stupid or indifferent 
clerk may pigeonhole documents or give 
decisions on matters of which he can not 
possibly form any adequate conception. 
Governors are changed far too often to 
secure well-planned results, and even 
when a governor is well informed and 
zealous to remedy affairs he is sadly 
hampered. 

Fiji is an English crown colony, with 


population nearly equally divided 
the 
Fijians of magnificent 
equally black-skinned Hindus of alto- 


different id 


a 


between indigenous black-skinned 


physique and 


physiognomy a! 


gether 


434 


build. 
heved 


native 


At the present time 
that the 


Fijians 


melting 
has 
that they are now holding th« 


awa‘ 


been eh 


numbers, with a prospect that 
If this 


pass, and the Fijians are given 


gradually increase. 


to gradually develop new indust 
the English 
to-day will well justify itself 
At Suva I talked with a B: 
eaptain who had just returned 
long visit to the Hawaiian Isla 


improve the old, 


contrasted the energy and dev 
observed at Honolulu with t! 





indifference and economic ba: 
of Fiji. According to him part 
was due to English conservat 
to polic 
part to the jealous restrictio1 
by Australia. 
ing fruit industry had been 


short-sighted colonial 


For example, a 


Australian regulations 


freeze Fijian growers out of 
market. 

West and northwest of Fiji 
New Hebrides, a group of large 


extending northward for sev: 


dred miles. The natives are M 
ans, naked blacks who still pr 
cannibalism upon the larger is 


Secure in their densely forested 1 
tains, they have been able to 1 
themselves fairly well in the } 
(and often 


assimila 


eliminating 


those who invaded their islands. H 
ever, the past few decades havi 
nessed a great diminution in 


numbers. 

The English 
that they are the world’s premier 
To those 


have always adi 


nial administrators. 

















POLICIES IN THE 


all such statements at face value 


cht be an eye-opener to visit t 
Hebrides. The islands are admin- 


under a strange governmental 


brid known as the Condominium, a 
arrangement in which both 
eland and France share equally. 
eountry has a high commissioner 


an equal number of deputies and 


tive police. These officials are 
red t 
4 


s only, to guard their interests and to 


em- 


look after their own nation- 


ct the natives. 
The New Hebrides are comparatively 
ir the important French colony of 
w Caledonia, and French influ 
has always been strong in the 
inds. The way the Condominium 
s worked, British influence has waned 
French prestige and strength have 
ily grown — stronger. Largely 
rough the short-sighted jealousy and 
rabid racial prejudices of the Austra- 
ians, British planters have been forced 
sell out to French interests, until now 
irly everything is in the hands of the 
ench or those who have taken out 
‘rench eitizenship papers. For in- 
tanee, on Segonde Channel only three 
English planters are now left where 


some years ago it was almost entirely in 


English hands. 


Because of the Australian attitude 
inglish planters are not allowed to 
‘ing in outside labor from other parts 
the British Empire, but are only 
allowed to recruit labor from the native 
lacks of the New Hebrides. For the 
nost part the cannibals of Malekula, 
into and other islands are not enthu- 
tie about plantation labor and the 


iS 


planters are therefore usually short- 


handed. 


The French planters are allowed to 
bring in any French subjects, and 
therefore they bring in as many Ana- 


mese as needful. Of course the strictest 


supervision is exercised over the health, 


housing, sanitation, food and working 
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preserve the old-time ways and are 
either slightly or not at all influenced 
by the white man. 

Let us see what the government is 
doing for the natives of the Solomons. 
There is a commissioner at Tulagi, and 
a few hard-working magistrates scat- 
tered alone the coasts of these oreat 
island wildernesses. Each magistrate 
has a small detachment of native con- 
stabulary. 

Each magistrate controls a_ small 
area about his post; the salt water 
natives of course, and perhaps also for 
a distance of ten or twelve miles back 
from the shore in some places, more or 
less in others. Within the sphere of 
their influence these magistrates keep 
order, punish crime, and are hard- 
working men making the best of a dif- 
ficult situation. But when home poli- 
ticians urge the impossible there follow 
such things as the massacre of the local 
magistrate, his cadet and fifteen native 
police in Malaita near Auki. 

One of their chief duties is to collect 
a preposterous head tax of ten shillings, 
which the Australian government levies 
upon each man. 

But the government does nothing to 
develop trade in forest products such as 
rattan, gums and resins, or other re- 
sources of the islands, or to improve the 
native agriculture or mode of living. 

When I asked ‘‘How do you expect 
these naked savages to pay such an out- 
rageous tax?’’ I was blandly told, 
‘Why, that is perfectly easy! All they 
have to do is go work on a plantation.’’ 

In other words the government head 
tax is a device for compelling the na- 
tives to work on plantations. It would 
not do to develop any native trade in 
forest products or otherwise make them 
financially self sufficient. 

I do not mean to imply that this has 
all been worked out consciously or 
maliciously. To a large degree this 
policy is due to sheer stupidity and 











ignorance. Both in the Solon 
New Guinea various planters 






ernment officials alike wer 
when I brought up the matter 
ing in rattan, copal and other p: ; 
‘*Why, would anybody buy 1 
was the reply I got over and 01 
Rabaul, on the large island 
Britain, was the capital of Gern 
Guinea, and is the capital of 
tralian mandated territory. | 
vicinity of Rabaul one gains a1 
into the results of the German 








as contrasted to those of Austra 

“*These natives around Rabaul! 
too rich; they’ll not work for a 
was what I heard several times 

Why do the Australians cal 
rich, and where did they acquir 
riches? 

The German administrators 
highly trained men of vision whos 
encompassed the future. At thei 
tlements permanent public bui 





docks and roads were constructé 
everything prepared for developm: 
the country and its resources. E 
native heuseholder was compellé 
plant a few coconuts each year up 
own land, and each village was req 
to construct a certain section of p 
nent road. These were often 
handed measures. 


Sixteen years ago tl 


he war gay 
Australians a chance to grab Get 
New Guinea, but the natives in 
Rabaul region have copra to sell. 
gives them money for cloth, knives 
other tools, kerosene, tobacco and 
their head tax. The roads unwilli 
built under German rule give them « 
communication. Their gardens a1 
sea supply them with most of their 
ing. They are ‘‘too rich’’ to work 
others. 

All the public improvements 
development in the New Guinea n 
dated territory date back to the 
mans. 
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planters of New Britain and 


nt islands get most of their labor 

m the mainland of New Guinea, par- 

irly along the Sepik River and 

Dr me of its tributaries. They ascend 

rat Sepik for a hundred and fifty miles 
nore in search of recruits. 

About a hundred miles up the Sepik 


lal [| met a eultured young Englishman 
| put the situation well. He said: 
I “These people do not need us at all. 


They are perfectly independent of the 

I itside world and are better off with- 
it us, but we ean’t get along without 

Everywhere in New Guinea one sees 
wealth of rattan and other forest 
products utilized by the natives but 
erwise untouched. As the people 
ive nothing to sell, every able-bodied 


V man and boy is compelled to contract 
Se vith some planter to get tax money. 
ir The result is that in many villages there 
Idings are only women and girls, old men and 
l young boys ; every lad over fourteen or 
ent fifteen and every able-bodied man has 
E left. Accordingly the native life de- 
ed ft cays, the old laws fail, and nothing 
on his effective has been introduced to take the 
ju place of the old culture. 


As positive accomplishments in New 
high- Guinea we may list the following: Sup- 
pression of head-hunting and cannibal- 
ism along the sea coast and for about 
rl two hundred miles along the banks of 
1 t the Sepik River; suppression of the 
trade in crowned pigeon crests and bird 
of paradise plumes, thus preventing the 


‘4 rapid extinction of these birds of won- 

drous beauty; better control of labor 
eas recruiting and elimination of its most 
ft glaring evils; establishment of a school 


at Rabaul where Papuan boys are 
trained as plumbers, carpenters and the 
like. These boys are in demand on 
plantations, where they receive a pound 
a month and are the aristocrats of 
lop. native labor. 

Against these we may place the lack 
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the wild people ol 


and as yet wi 


parts of Sumatra 














the Portuguese. The Dutch policies 
have undergone great liberalizing dur- 
ing the past few years, and the welfare 
of the native peoples is cared for by a 
body of extraordinarily well-trained, 
competent and devoted civil servants. 

It is the policy to retain the land for 
the natives, improve their economic 
status, give them a certain amount of 
academic education in the vernacular, 
and look after public health and the in- 
terests of the natives generally, while 
encouraging the investment of foreign 
capital, the development of plantations 
and the introduction of new industries. 
Higher education is also provided for 
the wealthy and for brilliant students 
able to profit by it. 

British North Borneo is a rather 




















unique colony in that it is owned and 





governed by a private company. There 





is a scanty native population along the 
coast, and the rest of the natives live, 
for the most part, a long way inland. 
In consequence the government has en- 






couraged the immigration of Chinese, 
mostly Hakkas, so that the capital, 
Sandakan, is almost a Chinese town. 

The governor is a man of ideals and 
vision, and he and his staff, freed from 
the incubus of satisfying home poli- 
ticians, are able to plan and work in 
such a way as to safeguard the land- 
holdings and future of the natives. 
Conditions are therefore far superior to 
those in the colonies and mandated ter- 
ritory under Australia. 

The difficult problems constantly 
arising in the administration of agricul- 
tural lands, forestry, relations of the 
various native groups with one another 
and with the whites and Chinese, are 
studied and acted upon with great care 
so that admirable progress has been 
made along these lines. 

Not much ean be said for the devel- 
opment of roads and land transporta- 
tion, or of education. The fact that a 
considerable number of Filipinos are 
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employed by the government 
North Borneo, along with a s 
of Hindus and an occasional | 
with a few whites in the key p 
is sufficient commentary upon t! 
of education in the colony. 

In the Philippines we agai: 
islands where the native populati 
been in contact with higher cult 
many centuries, and where by 
greater part of the population 
similated more of European | 
than any other people of the t 
The Spanish christianized the 
bulk of the people, and in man) 
brought them to a higher level tha: 
other Malays. 

After centuries of Spanish rul 
Americans stormed the ‘‘ Pear] 
Orient’’ and proceeded to do 
never before attempted in the troy 
possessions of any European | 
Mass education of all childre: 
alone those of the aristocrat but 
farm laborer, fisherman, Mohamm 
and pagan, was begun. Many 
things were introduced, such as | 
hygiene and sanitation, good r 
pure water supplies, sewers and d 

Errors, blunders and stupidities t 
were in plenty, some comical or rid 
lous, others pitiful or even sham 
But in spite of all mistakes bot! 
omission aud commission, the fact 
mains that as a result of policies begu 
under American control, encouraged 
Filipinos like the late Dr. Pard 
Tavera, and in many cases ably 
tinued by Filipinos trained in 
United States, general conditions in t 
Philippines are superior to those in a! 
other region of the tropical Paci! 
The general level of education is 
higher than in any of the other regi 
mentioned here, and the desire for « 
cation and cultural progress is nat 
wide in the Philippines. 

No one is better aware than the writ 


of the shortcomings of the past thirt; 
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b irs in the Philippines, and no one has’ The fact that in the Philippines pra 
n a severer critic of certain features cally all governmental activities 
the policies pursued and their harm- conducted by Filipinos is not o1 
D | efeets upon both Filipino and _ testimonial to their ability but is als 
He statys American welfare. In spite of this I ampie justification of 1 reneral 
certain that no student of eco- underlying Ameri policies and 
in e nomie and political conditions can visit American fait in he Philip; 
T1012 . 1 series of tropical colonies and com- people. 
re their status with the results at- Every one conversant with cor 
fal -ained in the Philippines and not recog- in the Philippines agr 
has as nize at once the superiority of the latter present status can not be continued 
cult ind the higher level of the Filipinos. definitely. It is not just and fair to 
tr It would be futile to point out here’ either Filipinos or Americans, whe 
> great mistakes made by both American and _ their interests agree or diverge. Sooner 
Ly Filipino leaders, which a larger vision or later Congress should deeide 
han t would have shown to be detrimental to future of this wonderful group 
the ultimate welfare of the great mass islands, and in fairness to all concerned 
le, f people concerned. I shall merely the sooner it is done 
of t state that the higher cultural and edu- one, am certain that many factors are 
cational level attained by Filipinos in slowly but surely paving the way to 
roy general places them in a different class complete independence « he Phily 
p irom the natives of any of the eolonies pines. No matter what obstacles 
n, { here considered. The fact that Fili- placed in the way of this attainment 
01 pinos are called upon to take over re- and no matter how honest or sincere the 
m sponsible werk in government offices in| opponents of independence may be, 
various colonies outside the Philippines nothing can prevent its u 
pu is sufficient to prove the statement. achievement 
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In the efforts made to reform our Day, or when school or college 
lopsided ealendar, too little considera- next year. 
tion has been given to the principles of To those who receive weekly 
psychology. The popular mind clings 13 months of four weeks eac! 
to tradition in the fundamentals of life, preferable; while those on 
as shown in our persistent cleaving to schedules naturally prefer the 1: 
our bewildering system of weights and_ division. For business and fina) 
measures, and the British adherence to latter has the advantage in re 


T 


aril 


their inconvenient monetary system. It quarterly and semi-annual « 
often requires a social cataclysm, like making quarterly dividend and sx 
the French Revolution, to uproot these annual interest payments, and it 
traditions. ing out and posting a lesser nun 
An added difficulty arises in the case monthly bills. The four seasons 
of calendar reform, due to religious doc- ter into the 12-month scheme t 
trines and prejudices. In Christian, objection to the 12-month year 
Jewish and Mohammedan countries the thirty-first day that is added 


7-day week, with its one day of rest, has month in three, making the | 
been recognized from ‘‘time immemo- the months irregular. But this 


rial,’’ and any attempted dislocation of no real difficulty. According t 
this cycle inevitably meets violent oppo- Swiss project, each quarter begins 
sition. The real problem, then, is how Monday; the third month with 31 
to overcome this popular inertia and has five Sundays, so that it has 
religious protest. same number of work-days as th 
Of the two proposed schemes, the months." 
13-month year and the smoothened Taken on its merits alone, the 
12-month year, each has certain advan- month year works better. But 
tages. It is easier to associate day and aside from this, it is preferab! 
date in the 13-month scheme, since these psychological reasons. The commu 
are the same in every month: the 7th at large looks askance at a new m 
always falls on Saturday—the 13th is as it does at a milligram and a 
always a Friday. In the 12-month meter. It will take an immense am 
ealendar one has to remember three of pamphleteering and magazine 


= 


associations: in the Swiss calendar, for to reconcile the public to such a dr: 
instance, the Ist of the month is Mon- innovation. On the other hand, a 
day in January, Wednesday in Febru- rearrangement of length in the exis' 
ary, Friday in March; Monday again in 1In the Swiss scheme the months of 
April, and so on—a very simple and quarter are given 30, 30, 31 days. 
World Calendar they are arranged 31, 
but the number of working days is the sa: 
present calendar, where no one but an ~ 

each month, since the Ist of January is 8 


expert can tell on what day the 12th of ay. My preference for the Swiss 
next October falls, or the date of Labor largely for historical reasons. 
440) 


easy reckoning compared with our 
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ths should meet with comparatively 
opposition, when the many advan- 
ves of this evening-up are pointed out. 
The main obstacle to calendar reform 
mes from the 365th day, which throws 
weekly sequence out of crear. 
Either one must begin each successive 
year on a new day, or else one must 
somehow ‘‘take a day off’’ every year 
aie 


1 two days off every fourth yea 


the reformer runs up against an 
ven more powerful psychological fae- 
there is not merely passive inertia 
l active opposition to the proposed 
inge. If the 7-day week has been 


ivinely ordained, what is man that 
should dare disturb the sacred cycle? 
The foree of this objection, as a fac- 
r of folk and religious psychology, has 
ndoubtedly been underestimated by 
ealendar reformers. The church 
ther Christian, Jewish, or Moham- 
is a powerful institution in our 
present-day civilization, and unless its 
nfluence can be enlisted in behalf of 
movement, the reform has little 
ance of success. Certain prelates, as 
individuals, have or can be won over; 


but so far as | know the ecclesiastical 
orities are loath to lend official 


support. 
What antagonizes especially the re- 


4? 


ligious sense of the community is the 
lea of a ‘‘day without a name’’—a 
lank day inserted, say, between Satur- 
day and Sunday, which lengthens one 
week every year to an 8-day cyele. 
Does not this fly in the face of divine 
ordinance as well as of age-long custom? 
Is there any possible way of getting 
around this impasse? 

For many years the calendar and 
its eccentricities fascinated me. In the 
1890s I devised a simple mnemonic 
formula for caleulating the day of the 
week for any date, past or future, on 
the Gregorian system. Later, I con- 
structed a fairly simple universal ecal- 


endar with cireular disks, which could 
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sehe me Ol 
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reform revived it followed other direc- institution is not vexed by the y 
tions. Why? Because those other sys- ings of the ‘‘academiec year”’ 
tems had active promoters, who carried The ecclesiastical authorities 
hardest to reach. It is true t} 
present calendar bears the nam 
distinguished pontiff. But his 1 
involved only a slight dislocation 
Julian calendar. The chureh wi 
readily accept a change which in 
altering many feast-days, fasts 


on the campaign along carefully pre- 
pared, strategic lines. This is excellent 
**psychology.’’ 

The reader will note an apparent 
contradiction here. I started out by 
suggesting that the advocates of calen- 


dar reform were rather blind to the . Af 
Anq ‘Saints-days. The tremendous va 


the new system must be made ck 
yond peradventure. I am inclin 
doubt whether this can be done wit 
adopting the device of the Year-\\ 
and the Leap-Week, with its comp 
tory Year-Sunday and Leap-Su 
which round out the age-long 7 
eycle. Even this may not meet 
prejudices of certain strict const 
tionists. But all others can be br 
into the fold if the advantages of 
change are made evident. For 
Sabbath was made for man—not r 


principles of human psychology. 
now they are commended for using good 
methods of applied psychology. But 
the contradiction is only apparent. It 
is one thing to excite attention—quite 
another thing to induce acceptance; for 
attention may produce opposition in- 
stead of conviction. Unless the argu- 
ments for reform are so powerful as to 
sweep aside such opposition, the move- 
ment is bound to fail. 

The psychologist would urge the re- 
formers, first of all, to present a united 


front. Let them agree on either the ¢.. the Sabbath.”? 

12-month or the 13-month calendar. To sum up: It is not sufficient 
But let them unite. An equally IMpOr- tate for reform. The appeal must 
tant step is to enlist the active support jade to this. that and the other indi 
of ecclesiastical authorities in the lead- a] and class of society. There 
ing religions and sects; for their infiu- abundant arguments for calendar 


1 


ence counts more than any other single form one or another of which s! 
factor. The industrial and financial strike home to almost every group it 
leaders too must be _ enlisted—not eommunity. The best strateev is 
merely as supporters but as active work- attack onal group or elass with t] 
ers. And our educational leaders particular aspects of the reform wl 
should be brought into the fold—for will affect and improve their 
what school or university or professional _ situation. 
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HOW INSECTS AFFECT OUR HEALTH AND 
COMFORT 


By F. C. BISHOPP 


BUREAU OF ENTOMOLOGY, U. S. DEPARTMENT OF 


INSECTS are man’s most relentless With all the 

s. They oppose him as he struggles caused by our innumerable 
release a few acres of farm land _ I would not have you think that all bug: 
from the grasp of the wilderness on the are bad bugs. We all remember « 
frontiers of civilization. They attack debtedness to the honeybee and the 

im with deadly effectiveness as he en- worm, but we may forget the 

rs the unexplored jungles of the trop- which insects play in helping 

ies in pursuit of gold or game. They duce our fruit and other crop 
ereet him with their million vicious lizing the flowers and in d 
stings as he tramps the tundra of the ing and destroying count! 
reat Arctic region. They contest his destructive hordes. 


a 


+ 


rights to live peacefully by the tilling and important réle of the deserters and 
the soil in the fertile valleys and _ revolutionists in the insect army is well 
plains of the world. Even in the great illustrated by the oft-repeated ditty: 


‘ities where man appears to have thor- Little fleas t] 


oughly conquered nature, the persistent Have other flea 
And these in t 
And so ad 


army of insect foes devours his food- 

stuffs, eats holes in his Sunday-go-to- 

meeting clothes, accompanies him to his When each of you comes 

work in the seams of his garments, or stand more fully the size and 

sallies forth at night from his mattress the insect army, the thousand and 

or flies through his unguarded window ways in which this army is recruited, its 

to satisfy gluttonous appetites on his diverse and subtle methods of attack 

very life blood. and the intricate defenses which nature 
In the meantime the trench diggers has thrown up to protect some of her 

of the insect army are mining beneath works from the destructive force 

his garden and stealing the products of others, you will see more clearly the 


‘ 


his toil. while others far from the habi- need which man has for a consid: 


; 


tations of man tunnel and kill his great number of workers to s 

forest trees. Even the timbers of his of the invaders and to 

house crumble under the attack of the weapons of defense. One 

hidden hordes. In true war-time fash- and best trained and organized armies 

ion, one division of the army strikes at ever developed to « 

his lines of communication by weaken- invaders is now on the 

ing the telegraph and telephone poles, Bureau of Entomology of 

while another actually burrows through States Department of Agriculture 

the lead cables and throws whole sys- in the entomological units of the 

tems of communication into chaos. ous state experiment stations an 
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state organizations. And the U. S. 
Public Health Service gallantly occu- 
pies certain sectors of the front, espe- 
cially in offensive operations against 
mosquitoes. One of the eleven divisions 
of the Federal army of entomologists of 
the Department of Agriculture is di- 
recting its efforts against the insect foes 
which directly affect man and his flocks 
and herds. The taetics and types of 
troops employed by the enemy cohorts 
with which this division of the bureau 
is engaged are extremely varied. Some, 
like the house fly, pick up and put on 
the food and in the milk such dangerous 
germs as those of typhoid, dysentery 
and tuberculosis. Others, such as the 
mosquitoes whose surname is Anopheles, 
serve as incubators for the malaria 
organisms and without these mosquitoes 
this disease could not survive or spread. 
Certain diseases are introduced into the 
blood of man or domestic animals by the 
bite of a bug or tick, while the germs of 
others may be deposited on the skin 
while the insect is feeding and then gain 
entrance to the body through a pune- 
ture made by an insect or through in- 


juries made by scratching. Some in- 
sects harbor the young of dangerous 
parasitic worms which find their way 
into man or animals through the bites 
of these insects or through the visitation 


of open wounds by them. Sometimes a 
bird or other animal will eat these 
worm-infested insects and thus itself 
become infested. 

Many of the insect army are not given 
to carrying diseases but sally forth with 
lance-like beaks or poisonous stings. 
Others of the army refuse to fight in the 
open, but invade the skin of man and 
his faithful animal friends and make 
life intolerable by the persistent itching 
which they cause. There are biters 
whose juices blister the skin; caterpil- 
lars with hairs more venomous than the 
fangs of the rattler; wasps and bees 
with vicious stings; blood-sucking flies 


with beaks | 
there is the al 


LY 


ike a hot needl 
most omnipresent 1 


ing hum of mosquitoes large a: 
punctuated by their stinging bit 


dainty but | 


leartily cursed sa 


which mocks the mosquito hover 


side the sere¢ 


its meshes an 


n, climbs nimbly 
d indulges its app 


the infant’s dainty blood. Nor 


elusive flea fi 
the spotlight 
we have large 
ecootie to the 
quarters of o1 
the unfortur 
places. In 


rego his desire to 
of our attention, t 
ly relegated the dise 
poorer and more 
ir towns and cities 
lates who inhabit 


the meantime tl] 


legged relatives of the insect hord 


irritating chiggers and ticks, w 


united attack 
ite woodland 


drive us from o 
haunts and gras 


Again, the enemy, in the guis 


with brilliant 
on wounds a 
eause disfigur 
onawing. 
And speaki 
enger flies, h 
and interestiz 


green uniforms, la) 
nd the resulting m 


1 


‘ement or death b: 


ng of this group of 
ere is a very remal 


i thing. Since the 


Dr. W. 8. Baer, of Johns Hopkins 
versity, has found that the you 


maggots of the flies can be made 


for us in a w 


+ 


ay that promises TO 


untold help to suffering humanit: 


hospitals and 


elsewhere t} e Sil 


are beginning to use them to el 


the diseased 
bone troubles 
healing. 

The outecom 
multitudes of 


material in certain 
and to stimulate 1 


e of the battle agains 


hostile insect warriors 


largely with you. After all, the « 


mologist is 01 


ily the sentinel on 


the scout to find where the enemy 


the strategist 


to determine the 


places in the army’s defense and ti 
out the plans for breaking dow 


offensive: the 


directing officer to ass 


ble the opposing army and the m 


tions of war. 


But you, the house! 
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rs and farmers and manufacturers, divisions 
up the rank and file of this army _ ever, are 
must do the fighting if victory of of 
vainst the insect host is to be won. these call 
When the foe is a new invader the’ and smoke t 
rnment and state forces, by concen- _ stall 
ting all efforts on comple te extermi- 
n, as in the case of the recent 
so decisively won against the 
iterranean fruit fly, may with your’ dairy products a 
support and cooperation carry the day. a minimum the 
extermination is neither practical diseases, to 
possible in most eases. These foes pestit rous 10 
ist be met on a hundred fields of your enemies 
n day after day—year after year. Bureau of E 
ny of the plans of defense are not yet pare you for : 
| worked out by the entomologist; the many of those 
roblems are formidable, their solution _ live-stock, 
; difficult, and your patience and sup-_ terfere with 


rt are craved. The tactics of many ness. 


SEA BEACHES AND THE TIDE 


By Captain PAUL C. WHITNEY 


CHIEF, DIVISION OF TIDES AND CURRENTS, COAST AND GEOD 


THAT so many people select the sea Its fresh salt air 
eaches for their favorite summer vaca- months spent indoor: 
tion retreat may have an origin in the communion with the 
ological past when we, as denizens of both spiritually and 
tne deep for countless generations, lived There are several ty 
and died between the tidal levels and in The sand beach is 


+ 


he shallow warm waters of the ancient the summer tourist 

seas. Thus our present love for the only beach where 

ocean may result from a slight homing thoroughly enjoyed 

instinct carried down through the ages. who enjoy nature and 
The beach is nature’s perpetual battle- tations of her handiwor! 


ld where relentless war between land has many interests ot] 
and sea is waged without truce, and ing and the latest sty] 


where either side may gain or lose ac- surf, bringing its m 


cording to local circumstances. It is_ storms, is of cor 
always a source of delightful new ex- twice alike. The 
periences. Each day we can make a_ the breakers can be 
new find or observe something of nature of the heavy 
that opens new vistas of our wonderful sionally visi 

world. At high tide or at low tide, after storms 
a storm or even during calm weather unusual 


. 
i\ 


there is a new shell to pick up or a biting in t! 
of drift, around which to weave a story. of the 
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year, works the largest rock 
debris into the fine grains of sand that 
are a part of the present beach. 

Some sand beaches pack smoother and 
harder than others, and the shape and 
composition of the sand grains that make 
up each beach have a great deal to do 
with condition. Daytona 
Florida, where all the fast automobile 
records are made, is perhaps the finest 
example of a smooth, hard beach. The 
advantage of such over man- 
made roads for speed trials is that no 
matter how smooth the road was origi- 
nally, time and traffic are bound to leave 
their mark; as for the sand beaches, 
each flood tide recreates their original 
smooth surface. 

There are many forms of life present 
on a sand beach at low water and if any 


finally 


this Beach, 


beaches 


one has an idea that a crab is slow, let 
him try to eateh a fiddler crab before he 
darts into his sand hole. The lace-like 
jelly-fish, in some places known as the 
nettle, a beautiful creature when 
drifting around in his own environment, 
is not a thing of beauty when thrown 
upon a beach and left by some retreat- 
ing wave. With no supporting bony 


sea 
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eatch him. As the clam feeds 
high water and then is also sa 
the elam 
happy as a clam at high tide,’’ | 
is true. 
The 
warded by finding a piece of am! 
that tallow-like supp 
be formed as the result of a d 
the sperm whale and when cast 
the animals floats on the surfa 
water until thrown 
beach. It is used in the comm 
of perfumes. Masses of over 100 p 
have been found and as it is worth 1 
dollars an ounce, a find of a larg 
means a fortune to the lucky find 
And the rocky beach, hard 
along, but of greater fascinati: 
haps, than the sand beach. He 
find rocky cliffs being eroded by 
mendous cutting and undermining 
ers of the surf breaking at their 
and the debris from 
strewn about in various shapes and 
On the durit 


digger, the old 


searcher may some day 


substance 


ashore on 


this losing 


rocks, uncovered 


lower tides, we find mussels growing 


great quantities; and the tiny s 
known as the periwinkle, good 


when boiled and you are very hun 
the five-pointed starfish, on 
nature’s early experiments in evolut 
and perhaps the forerunner of our | 
fingered hands. Children like to 
them out and take them home where t 
finally find their way to the attic a 
with the old family album. The 
urchin, another product 
nature’s workshop, ball-shay 
shell, covered with spines. Sea-urc! 
are not appetizing-looking, but the s 
gulls apparently know better 
earry them from their rocky homes 
lofty heights and drop them to br 
their shells. These broken shells are 1 
uncommon on the beaches. Frequent) 
whole dried shells are cast up and 


structure of any kind, the jelly-fish is 
so low in the scale of life that it even or 
looks up to the lowly earthworm. Nor 
does it suggest as a mass of red or clear 
jelly its special stinging defence that 
many a bather has experienced when in 
eontact with one. 

The clam is another inhabitant of the 
sandy beach, and the pure white shell 
New England clams was the 
reason for the old belief that ‘‘they fed 
only on white sand.’’ The picturesque 
clam digger as he solitarily bends over 
his labor has been described by many 
writers. The sand clam is dug during 
low tide and at this time its presence is 
sometimes indicated by a spout of water 
as one walks nearby. The razor clam 
is long, narrow and sharp on the edges 
and is able to descend in the sand so 
fast that one must dig quite rapidly to 


eurious 


of some has a 


as 1 


+ 
l 


dome-shaped symmetrical outlines 
very pleasing. 
Another beach, but found only in 
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ithern waters, is the coral beach. This _ tides and 


trand is composed of coral debris, of advance ti 


nely divided matter from the skeletons dictions of 


r limestone framework which serve to and low water 
port the coral animals while they are as foreign port 
ving. Such beaches are gleaming white one time inv 
the midday sun. Just outside of the mathematical con 
w water fringe, an observer may see made on the 
protruding tops of living coral ¢ machine, a mar 
nities. These never attain a height and mathematical 
bove the plane of mean low tide and Washington are cor 
serve to maintain the large supply of Coast and Geodetic Surv: 
material which is continually being ean see this machi 


DUSY | 


round up by the action of the waves. now it is 


Tl 


he skeletons of coral polyps are found Nagasaki, Japan, 
various shapes and their character- where the tide | 
forms give rise to designating about 5} feet; but 

names, such as mushroom coral, fan ease the tide in 

ral, tree coral, bud coral, brain coral, range is 30 feet 

te. To get the full effect and beauty Giving advance 

f growing coral, one must find a shel- rise and fall of 

red coral lagoon and in a boat on a of this robot’s a 

iim bright day drift slowly over it. the times and vel 

his undersea scenery is magnificent rent and these 

nd a woodland glade is no more beau- in the form of 
tiful than the effect from the sun shining the tide tables are 
through the clear water, lighting up the in advance. 
various coral branches and shapes with In elosine. IT wish t 
the highly colored tropical fishes swim- tention to the fact tl 
ming lazily about. tide and tidal currents 
One striking feature of the sea beach there is that uncertain 
is the daily rise and fall of the water, just outside the bre 
known as the tide. The regularity of dertow of which t! 
this ebb and flood was thought by the information. Its str 
ancients to be caused by the breathing of probably due chiefly 
some mighty animal supporting theearth. advancing wave-fron 
Our present knowledge tells us that it beach. This eurrent 
is the natura! result of the tide-produc- ditions of surf an 
ing forces of sun and moon acting on large quantities « 
the waters of the ocean. As the daily tion to another alo 
positions of these bodies are known in’ gether with the wa 
advance, their combined effects on the is probably the m 
waters of the seas can be predicted. contributing now 
The mariner, as well as the yachtsman, To the inexperier 
the fisherman, the bather, the engineer rent is a grave 


and others, often desires to know in ad- careful keep ¢ 
vance the state of the tide, and to sup-_ possibly be rapidly carri 
ply this information the Coast and depth. Its neglect car 


Geodetic Survey, through its division of many drownings 
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INFLUENCE UPON SCIENTIFIC THOUGHT 
IN THE AMERICAN COLONIES' 


By FREDERICK E, BRASCH 


CHIEF OF SMITHSONIAN DIVISION, LIBRARY OF CONGRESS 


(Continued from t 


IN the further study of colonial scien- 
tifie contribution to the Royal Society 
we now come upon one of the most in- 
teresting of men, namely, John Mitchell. 
The life of this scholar is devoid of the 
essential facts relating to his early life 
and education, but his later years are 
full of successful and manifold activi- 
ties, of which he left abundant record. 
Mitchell was born in Seotland and was 
educated for the medicine, 
and came to the colonies about 1700 and 
settled in Virginia on the banks of the 
Rappahannock River in Urbana. 

Mitchell’s great interest in science is 
evidenced by his rich contributions to 
the study of electricity, botany, medi- 
history and ecartog- 
which, 


eareer of 


cine, agriculture, 
raphy, a detailed 
however, would be beyond the capacity 
of this paper. After nearly fifty years 
of residence in the Mitchell 
returned to London, in 1746, and was 
made a member of the Royal Society by 
being elected a fellow on December 15, 
1748. He never returned to the colo- 
nies, but died in London in 1768 of an 
had contracted in 


account of 


colonies, 


illness which he 
Virginia. 

By virtue of his scientific training, 
Mitchell was eminently fitted for pio- 
powers of 
his deduc- 


neer research work, as his 
observation were keen and 
tions accepted by the leading scholars of 
Europe. Due to his skill he was able to 
make great botanical collections, and 
this material was highly appreciated by 
those to whom it was sent, as is evi- 
denced by his volumfmous correspon- 
dence with such scholars as Sir Hans 


$45 


} 


he October issue 


> ] 


Sloane (president of the Royal S 

Peter 

and Dillenius. 
Mitchell had 


merits of Linnaeus’ system of 


Collinson, Linnaeus, G 


early recog! 


fication of plants and had maste1 
technical details, and it is to this 
that he owes a large measure of 
botanist. The first 
writings to be published of whic 
record is entitled ‘‘ Diss 
principiis Botanic 

’ written in 1738 an: 


cess aS a 


is any 
brevis de 
zoologorum,’ 


eated to Hans Sloane. This was 
lowed in 1741 by another b 

paper, ‘‘Nova Plantarum Ge 
These were offered for publi 


through that clearing house of bot 
conducted by Peter Collinson i: 
don. The second paper was de 
to Collinson. 


In the latter publ 
Mitchell gene! 


new 
which twenty-four propos 
new; nine certainly were original 


deseribes 30 
were 


have been confirmed as true gene! 
subsequent botanists. Two years 
fore he went to London he visited - 
Bartram and Benjamin Franklin 
Philadelphia. 
cussed botanical problems and wit! 
latter the details of the infant s 
of electricity. Early in 1746 he s 
for England with more than a th 

specimens of native plants. Mit 
lost all however, 

the ship was captured by Spanis! 
and it was not until n 
later that his collection f 


his belongings, 


vateers, 
months 


its way back to him, but in a ru 


eondition, ‘‘to the great misfortul 


With the former he « 
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ny,’ as stated by Linnaeus. He 

mpted to renew his collection wit! 

sh specimens and seeds sent him by 
tram, with whom he continually 
sponded. 

In 1744 he wrote a lengthy report on 
epidemie of yellow fever which pre 
ed in Virginia in the years 1737, 

1741 and 1743, giving his observations 

many eases which he treated 

s paper was given to Benjamin 

klin to be presented before the new 
scientific society called Junto which 
anklin had just formed in Philadel- 

As was the custom at that time, 

Mitchell’s paper was referred to Dr 

Cadwallader Colden, of Albany, for 

riticism. This report, together with 


+ 


Colden’s letter of comment, came int 


hands of Dr. Benjamin Rush some 
ears later and formed the basis of his 
reatment of an outbreak of that disease 
ich occurred in Philadelphia in 1793 
is paper of Mitchell’s was _ finally 
iblished in volume 4 of the American 
Vedical and Piilosophical Register 
Mitchell’s first paper?’ to the Royal 
Society was in the form of a letter to 
Peter Collinson, from Urbana, Virginia, 
April 12, 1743, entitled: ‘‘An Essay 
ipon the Causes of the different Colours 
I People in different Climates.’’ This 
lengthy essay was demonstrated in 
seven propositions and is based mainly 
upon the philosophy of Sir Isaac New- 
ton concerning the causes of color. It 
concerns the color of the white, black 
and yellow races, as he found them in 
the American colony. His essay on 
‘‘An Account of the Preparation and 
Uses of the various Kinds of Pot-ash’’ 
llowed and was read on November 17 
and 24, 1748. In this paper | 
into a discussion on the great economic 


e enters 


value of potash and methods of prepa 
ration in vogue in the various countries 
of the world. His next communication 


27 Phil. Trans., R.S., 43: 102-150, 1744. 
28 Tbid., 45: 541-563, 1748. 
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the most important map in American many of the prominent scholars 
history.’’® sides of the Atlantic Ocea 

We now come to the most imposing Franklin. The greater porti 
and outstanding man of his time in the correspondence has been kept int 
American colonies, namely, Benjamin is preserved in the Library of ( 
Franklin, who follows next in order of In taking account of his contr 
election to fellowship in the Royal to science, some of Franklin’s 
Society, having been elected in 1756. raphers enumerate them as 
Franklin was born in Boston, January twenty or more different fields 
17, 1706. He acquired some schooling est. It will not be possible 
there, but after a few years was set to limits of this paper to consider 
work learning the printer’s business, his major activities. It is 
and from this time on his intellectual he became vitally interested ii 
development was one of constant self- about 1743, when not quite fort 
effort. At the age of 17 he moved to of age. However, much of his ti 
Philadelphia, where he resided and de- spent in attending to the public 
veloped his many activities until his of the colony in spite of his wis 
death in 1790. vote his life to experimental scie 

Franklin was virtually the intellec- It was most natural that a ) 
tual ambassador of his fellow beings at Franklin’s temperament would 
home. His remarkable services, both at intellectual companionship, and 
home and abroad, were such that in expressed most fully in his att 
either case his name would have made form a society of ingenious me! 
history. Also in any one of his scien- jng in the colonies. He knew 
tific and practical attainments he con-  guyecess of the Royal Society of | 
tributed profoundly to the advancement pow over three quarters of a cent 
of science in the colonies. During his existence, and from this so 
residence in England he was extremely gecyred ideas of incorporation, 1 
active in seeking privileges for his col- ship, qualifieations and other n 
leagues to present scientific papers details. Until this time the s ' 
before the Royal Society, securing for exerted great influence upon th 
them memberships to academies, as well eetyal and scientific life of the c 
as honorary degrees from universities. [ts Transactions were to be found 
He acted as agent in purchasing books }jpraries of Harvard and Yale | 
and Scientific instruments for the vari- and in the homes of the leadinc 
ous individuals and colieges in the colo- ars. The first intimation we hav 
nies. His associates at home were the desire of Franklin to form a 
leading scholars of the colony, namely, Ramadi @ dlvenlew loiter dated P 
John Winthrop IV, of Harvard Col- deiphia, May 14, 1743, entitled ‘‘A 
lege, Ezra Stiles, of Yale College, Cad- : 
wallader Colden, of New York, James 
Madison, of William and Mary College, 
David Rittenhouse and John Bartram, 
of Philadelphia, as well as many others. 
Probably no man of his period had such 
a voluminous correspondence with so 


posal for promoting useful kno 


among the British Plantations in 


, 


ica.’’ The society was duly form 


existed for over twenty years, but 
year 1769 was merged with 
society, and was then known 
American Philosophical Society 


29 Statement made by Dr. L. Martin, Chief, hich F lin } 9a 
Maps Division, Library of Congress ina speech WICH Ff ranklin became the firs 


before the Am. Hist. Assoc., Dec. 30, 1927. dent, which office he held un 

















After the signing of the Treaty 
1783 the Society 


influence in the colonies 





in Royal 
’ lost 
: former prestige enjoyed by t 
rican Philosophical Society. 

Much he written regarding 


itll sic 


1S 


l 


ne 


been 
nklin as an inventor, meteorologist, 
medical ad- 


iS 
ynographer, physicist, 
-and even as a mathematician and 
stronomer. However, it through 
s great discoveries and contributions 
ectricity that he became known as 
, scientist. His first interest in the sub- 
of electricity seems to have been 
ised in the year 1746, when, on a 
sit to Boston, he attended a lecture 
| to have been given by a Dr. Spence, 


was 


Scotland. However, it is known that 
Professor Winthrop, of Harvard, was 
. first to give experimental lectures in 
ectricity in the American colleges*® 
May 10, 1746) and being a close 


| and correspondent of Franklin’s, 

is more than likely that he received 
s ideas from Winthrop. In 1745 
Collinson,**? an English friend, 
0 the Philadelphia Subscription 
Library with the necessary equipment a 
of electrical expt ri- 
which had in Ger- 
The following after 

turn from Boston, Franklin attempted 

similar experiments, and in 1747 and 
1748 in a series of four letters to Collin- 
n** he explains the ingenious attempts 
hich he made to discover the proper- 
From this time 


Potor 1 


ryt t 
at t t 


description some 


be en made 


+ 
ments 


year, his 


s of electrical fluid. 
0! his electrical discoveries followed in 
rapid suecession. Franklin’s first dis- 
‘overy was that copper or iron points 
had the power of drawing and throwing- 
off electrical matter when charged by 
lightning, which up to this time had not 
been observed by the European scien- 
He also made the discovery of a 

‘*Phil. Exp. Lecture,’’ book, 
lreasury Room, Harvard University. 

1 James Brett, ‘‘Life of Peter ‘Collinson.’ 
and Obs. in Electricity in 
?? London, 1751. ; 


tyet 
LISLS. 


note 


mss 


‘Exp. made 


ilade Iphia. 
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tol 





plus and minus state ! 
charge, which are now known as posi 
tive and negative charges. From s 
principle he explained the phe 

of the Leyden jar 

He showed decisively that when 

jar was charged it e¢ ned no mor 
electricity than before, but that as 
much was taken from one side as : 
thrown on the other; and to dischat 

it nothing was necessary but to produ 

a communication betwee! e two sides 
by which the equilibrium might be r 
stored, and that then no s s of ¢ 
tricity would remain. He rwards 
demonstrated that the el icity did 
not reside in the coating, as had bee 
supposed, but in the pores of the glass 
itself. After a jar was charged, he r 
moved the coating, and found that ipon 
applying a new coating the shock might 
still be received. In tl ir 1749, | 
first suggested his idea of explaini 
the phenomena of thunder and light 
ning and of the aurora borealis upon 
electrical principles. He points out 
many particulars in which lghtning 
and electricity agree, as l as reas 
ings from facts, in support of his p 
tions. 

In the same year he conceived tl 
astonishingly bold idea of ascertaining 
the truth of his doctrine, by actually 
drawing down the lightning, by means 
of sharp-pointed copper or iron r 
raised ever buildings Even in this u 
certain state, his passion to be useful 
mankind displayed itself in a powerfu 
manner. Admitting the identity 
electricity and lightnn ind knowing 
the power of points in rep¢ 
charged with electricity, anda ( aque 
ing imperceptibly their charge, he sug 
gested the idea of securing houses, ships 
and trees from being damaged by lig! 
ning by erecting pointed ro t 
should rise some feet above the elevated 
part, and descend some { to the 
ground or the water The tf 
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these. he coneluded. would be either to inevitably be subjected to ft! 
prevent a stroke by repelling the cloud of mankind. The anxiety 
beyond the striking distance, or by he looked for the result ot 
drawing off the electrical charge which ment may be easily conceived 
it contained; or, if it could not effect and despair had begun to prey 
this, it would at least conduct the elee- the fact was ascertained in SU 
tric charge to the earth, without injury manner that even the most i) 
to the building. could no longer withhold their 
It was not until the summer of 1752 Repeated sparks were draw: 
that he was enabled to complete his pro- key, a jar was charged, a s| 
found discovery by experiment. The and all the experiments mad 
plan which he had originally proposed usually performed with elect: 
was to erect on some high tower or other The far-reaching results 
elevated place a pointed iron rod, insu- periments are only too evident 
lated by being fixed in a cake of resin. practical developments of 1 
Electrified clouds passing over this specially outstanding field | 
would, according to his theory, conduct oped which has been of profow 
a portion of their electricity, which tance, namely, the field of atn 
would be evidenced by sparks being electricity and terrestrial mag 
emitted, when a key or other conductor Franklin’s work was the dir 
Philadelphia at tion of the very recent exp 


was presented to it. 
{ 


afforded no opportunity of made by two distinguished 


this time 
trying this experiment. However, it 
occurred to Franklin that he might 


have more ready access to the region of 


physicists in harnessing the t1 
electrical potential of thunderst 
a new type of x-ray tube 

The letters which he sent t 


{ 


clouds by means of a common kite. He : ri : 
linson, it is said, were refus 


prepared one by fastening two cross 
sticks to a silk handkerchief, which 
would not suffer from the rain, as 
would paper. To the upright stick was 
affixed an iron point. The string was, 
as usual, of hemp, except the lower end, 
which was of silk. Where the hempen 
string terminated, a key was fastened. 
With this apparatus he placed himself 
under a shed to avoid the rain and 
raised the kite; a thunder-cloud passed 
over it, but no sign of electricity ap- 
peared. He almost despaired of sue- 
cess, when suddenly he observed the 
loose fibers of his string to move towards 
an erect position. He now presented 
his knuckle to the key and received a 
strong spark. How great must his sen- 
sations have been at this moment! On 
this experiment depended the fate of 
his theory. If he succeeded, his name of Franklin soon extended to E 
would rank high among those who had_ and the world became aware of t! 
advanced science; if he failed, he must that the American colonies had 


; +} 


in the Transactions of 
Society of London. Howeve1 

be, Collinson published them 
rate volume, under the titl 
Experiments and Observations 
tricity, made at Philadelphia, 
ica.’’ This book went thr 
editions between 1751 and 1774 
has been translated into differ 
guages. 

Dr. Priestley, in his ‘“‘Hist 
Electricity,’’ published in tl 
1767, gives a full account of Fra 
experiments and discoveries 
ing was ever written upon tl 
of electricity,’’ he says, ‘‘w! 
more generally read and admired 
parts of Europe, than these let 

The news of the brilliant dise 















, scientist of the highest ealiber, 


er a hundred and eighty years 
entifie world is returning at this 





amazing generalizations 





to the 
by Franklin. He 


ialified to construct 






was 


equally 





theories as 





as to perform experiments to test 





This is readily evidenced by any 





the papers on the many subjects 
which he We find eight 


rs published in the Transactions of 





wrote. 






Ameri¢ean Philosophical Society and 
the Philosophical 


Royal Society. In 





n papers in 
sactions of the 
mnition of his many contributions to 


the Royal 






he Was honored by 
Society with the Copley medal in 1753 
elected fellow in 1756. In addi- 

» received honorary degrees from 

, levees of Harvard, Yale, William 
| Mary and Pennsylvania. The uni- 
ss of Edinburgh, Oxford and St. 
lrews honored him with the degrees 
for medical 
tributions he was elected a member 
the Royal Society of Medicine, 
aris, in 1776, and the Medical Society 
At the age of eighty-four 
hon- 









his 





doctor of laws and 








London. 

jamin Franklin died, 

1 man of his age, and lies buried 
hi the Christ Chureh 

rying ground in Philadelphia. 

the history and 

thought in the 


this time, we 





the most 






wife in 


his 





From the study of 





scientific 
nies from 1636 until 
find that it has gradually been trans- 


lution of 







rmed to a higher level of authority, 
Calvinism 





refinement. 





‘uracy and 
| Puritanism were gradually being 


part of 






reed t 


» recede and become a 





rationalism then permeating colonial 





This is embodied in the life and 





rk of our next fellow of the Royal 
ciety, John Winthrop, IV, who was 
e most profound scholar of the colony 
eighteenth 
the 





f 






uring the seventeenth and 


Winthrop 





enturies. was direct 





iescendent of the Winthrops referred 
We 





earlier in this paper. shall 





SCIENTIFIC THOUGHT IN THE AMERICAN COLONIES 





$3 


sketch his life brieflv and ! his 
contributions to early astronomy, seek 
ing thus to just his place f e 


tory of selence in 
scientific astronomer and Nt 

He was born in 
1714, of parents 


real 
tonian disciple 
December 19. 
distinguished 
tual life of 
Harvard ( 
fourteen 


the community. He ent 
‘olleas 

and 
his place as one ¢ 


His great 


his class fondness for n 
matical studies nd experin 
science, combined wit! tempera} 
tending toward idealism, s 

to contemplation of the stars and 
laws governing their mot S Aft 
his graduation from ¢ n 1732 
with the degree I 1 Ss is, I 
retired to his father’s ! nd ry 
next six years very little was known 
him. However, from t pl 1S 
manuscript commonpla books 1 
preserved at Harvard ¢ f 
evidences of private study which for 
east his future work. These books 
veal his wide general reading ! 
recorded observations natur p 
nomena such as sun-spots, magn 
variations and meteors, mathemat 
problems and philosophical medit 
Upon the forced retirement of his 
professor, Isaac Greenwood, ther: 

a vacaney in the Hollis pr sors 
The overseers of the ¢ lege had 1 

to look for a successor J) n Winth 


was appointed, at the age of twe 


four years, to become full profess 


mathematies and natural philosop! 
He had been examined as to his p 
ficiency in mathematics and the phys 
eal sciences, but the question of exar 
ining his religious statutes gave t 


authorities real concern 
suspected as 


Harvard, even thoug! nl 


were 
for 
embodying the spirit of 


broad 
ideas 


Lockean or English 
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piricalism were just the force that with an 8-foot telescope 
Harvard needed. At any rate, he was’ several well-executed drawi1 
accepted on the first examination and the positions, apparent n 
passed over on the second, and duly in- structure of the sp 
augurated to the office which he held observations as t 

for the next forty years with honor and _ acter but does not 
distinction to Harvard and to the his- cussion as to the 
tory of cultural progress in America. He did recognize them, |} 
One of the most remarkable steps he integral part of the sun 
thing wholly unrelated 
These seem to be the first 


+ 


he 


took at the beginning of his professor- 
ship was to secure a copy of Newton’s 
‘*Prineipia.’’ At the age of twenty- 
five, we find Winthrop assiduously en- 
gaged in mastering the ‘‘Principia,’’ 


servations on sun-spots in 
The next undertaking 
astronomer’s attention was t 
the transit of Mereury 
April 27, 1740. Winthr 
aware of the importance 


which he so brilliantly applied to all his 
long years of subsequent work in as- 


tronomy and natural philosophy and in 
research and class instruction. servations, especially thos 
The modern laboratory was not and therefore proposed vend 
known then, but Winthrop possessed rare phenomena with we 
apparatus which will illustrate the methods. This he ol wna 
fundamental facts of natural philoso- strument he already poss 

The qualitative results 


phy then known. ‘‘For ‘‘Astronomy,’’ 


, 1 1 , 
& ot greatly different from 
he says, ‘‘we had before been supplied MO! Steatly ailterent from 


by Mr. Hollis with telescopes of differ- 
ent lengths, one of 24 feet; and a brass 
quadrant of two feet radius, carrying a 


knowledge of such transits, 
he methods of arriving at 

that the vast improvements 
made. Without the mod 


telescope of greater length, which for- 
chronographs and electric cit 


merly belonged to the celebrated Dr. 
Halley. We had also the most useful 
instrument for dialing; and for survey- @!! the accessories it is to by 
ing, a brass semi-circle, with plain that Winthrop aecomplishe 


Aleo @ all. His results were ace 


also firmly mounted teles 


sights, and magnetic needles. ar — 
curious telescope, with a complete ap- Royal Society and published 
paratus for taking the difference of the Transactions. Winthr 
leveling. From a number of gentlemen thanked by the Royal Soe 
of the provines the following additions asked to continue his commu 
which immediately gave him 
and finally led to his elect 
low. He followed his first pay 


observations of the second t1 


were received: a fine reflecting telescope 
of different power; microscopes of the 
several sorts now in use; Hadley quad- 
rant, fitted in a new manner, a nice 
variation compass, and dipping needles Mercury on October 25, 17438, a 
with instruments for the several mag- 44 third transit on November 9, 
netical and electrical experiments.’’ The problems in these transit 
From an original manuscript note- interested Winthrop were: th 
book in the library of Harvard College determination of longitude 
we find the first authentic astronomical Cambridge and London, the eq 
observations made by Winthrop, dated time, the position of Mercury's 


April 19, 20, 21, 22, 1739, on sun-spots 33 Phil. Trans. R.S.. 42: 572-578, 








ination and hourly motion, and 


of Newton’s laws of 






rrectness 














established 


op also 


ory of experimental 


poysics 10 





untry in order to test the laws of 






r tion of bodies on the earth. In 
inction with these experiments, he 
nstrated to his students the mo- 
s of planets and comets, and illus 





the problems of eclipses, ete. Of 


i 





these lecture experiments had to 





so with problems of the elements of 
heat 


prisms 





hydrostatics, optics, 


light 





theory oi and ac- 


to Newton. 
res which were given by Winthrop 





These experimental 





mself before the class were conducted 

those in a 

that to-day the students 
work th: The 

vere extended over a long 


1746 and cont 


is interesting to note 





modern labora- 


as are 





eX sept 





rm tne 





mselves. 








riments 





‘iod, beginning in 
to 1779. It 
his manuscript notes are still 
served at Harvard College. It 
ing 1771 that Count 
student at Harvard, 
lectures 
first knowledge of heat and other prop- 
He said, oa 
progress in Natural Philoso- 
this and happy 







pre- 





was 





Rumford, as a 
attended Win- 
derived 






throp’s and thus his 






matter. made 


erties of 





sumeilent 





excellent 





or] 


phy under 
teacher. 
It has recently come to light that the 






collegves of 





our 


hrst 





introduction into 
the elements of fluxions now known as 
was in with the 
thesis required of the students under 
This 


marks a definite epoch in mathematival 





caleulus connection 






Winthrop, beginning about 1756. 





studies which has interested students of 





history for some time. 
The year 1755 was a memorable 
to the inhabitants of New England, due 


one 





to the occurrence of an earthquake of 
some severity. The study of this phe- 
nomenon called forth Winthrop’s best 






endeavors and revealed at the same time 
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the ry 1dvVva ed S S 
logical im] ons \ 

ures in t H ( 
I students and tacu I 
treatise SHOWS al p 
hensive study. It is also a curious 
termixture of il cher 
mineralogy, geology and _ ast 


However, this study virtually est 


lished Winthrop as our first seis! 
gist. He was the first in this ¢ intry 
to apply true inductive methods 


observations of 


to advance the th rm tnat the a 
turbanees of the eart rust W l 


fa 


form of waves, and transmitted 


] - 4 + } 
penauium-lke motion YVULIGINGS and 
objects on the surface Hi vas Ul Hirst 
to apply computation to the pheno 
consequently discovering 
between seismic motion and mus 


vibrations; he also discovered the p1 


> ] + , . 
cipie that t quicker 1 mi ! 
shorter the wave-lenet CIS 


turbance. 


heat were new to the science of 
especially those relating to the internal 
actions of voleanoes and earth 1 
ments. An account this rthqu 
was also published in the Philosop/ 


Transactions.** 
Winthrop’s next public 
lectures upon comets, and in particular 
| 


the return of the comet S82) be 


on 


ter known as Halley ’s comet, wl 


was fortunate to observe, since ~ 
the first predicted return a 
This leeture was also r ad in the ¢el 


of Harvard College, April 11, 1759, as 
a part of the regular and assigned du 
of the Hollis professorship. Winthrop 
first lL 3 
after it had passed perihelion, and, 


similar cel 


+ 


observed this comet on 


stial phen mena, 


1on7 


84 [bid., 50: 1-18, 
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much anxiety and speculation as to its 
meaning. 

In the first lecture his introduction to 
the 
showing 


descriptive, 
differences 


subject of comets is 
the relation 
between comets, fixed stars and planets. 
This is followed by a history of their 
discovery with various theories concern- 


and 


ing their origin and nature, especially 
the hundred 
He computed the orbital ele- 
ments of one of the comets under obser- 


during preceding two 


years. 


vation during this period; and his work 
the demonstrations, 
the 


received 


creometrical 
suggested by Newton, 
ascent of the tails of 
laudable notices from the Royal Society. 


upon 
concerning 


comets, 


This paper, the original of which was in 
Latin, entitled ‘‘Cogitata de Cometis,’’ 
was communicated to the society by Dr. 
Franklin.* 
with dependent scholia and corollaries. 
In these he investigates the limits of 
attraction the comets and the 
sun, and the laws of motion and direc- 
tion by which an elastie fluid or vapor 
arising from the head of a comet would 
the 
masses and densities of comets from the 
breadth of the the 
side next to the sun. In this method, 
which he considers as entirely new to 
science, he infers that the density of the 
comet of 1665 was to the density of the 
earth as 350 to 1; and that of the comet 
of 1682 as 5 to ll: 
analogy in this respect, between comets 
and planets; that the 
greater in proportion to their nearness 


It contains five problems, 


between 


also deduces 


be governed. He 


observed coma in 


Suggests an 


and 


densities are 
to the sun. 

His explanation of the 
pearance of the tails of comets, which 
manifested, contains 
ineurvature 


eurved ap- 
are occasionally 
this remark—‘‘that as no 
or deviation from the opposition to the 


sun is perceived, but what may arise 


from the progressive motion of the head 
around the sun, it appears probably 
Ibid., 57: 132-154, 1767. 
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that comets do not revolve 
axes.”’ 
In his 
college community, April 18. 
the 
according to 
‘*Principia,”’ 
formulated by 
predictions of Halley. 
Again we find him in 1761 prey 
with 
observe two events of great astro 
took pla 


second discourse bef 
true 
the 


and also aceordi 


discussed theory 


work of 


laws Kepler 


foresight and diligence, pl: 
importanee which 
ecountry—the transits of Venus 
and 1769. Winthrop’s keen s 
appreciation of the value of su 
portunities was of vital significa 
America’s 
is evident 
first discourse in 1769 on the 


— 
nistory 


astronomical 
from the introduction 


transit of Venus. 

The first astronomical 
this country that in whi 
vard College and the prov ince of M 
That Har 


had a scholar so well trained. 


expedtit 


was 
chusetts participated. 


posed to undertake this scientifi 
sion speaks well for her emine 
that 


success of this work depended up 


selence at period. The ult 
cooperation of many astronomers 
ropean 
Paris, sent out 


observatories, Greenwicl 
five different 
parties to America. In Philad 
the American Philosophical Societ 
thorized David Rittenhouse and a 1 
ber of prominent gentlemen to mal 


ODSe! 


preparation to observe this transit 
A special act of the Massachusetts 
ernment granted the use of the pr 
sloop to convey Winthrop and 

sistants, with instruments loaned | 
college, to St. Newfound 
Without giving full details of th 
measurements ol 


John’s, 
of contacts and 
passage of Venus across the sun, 
sufficient to say that the results 

calculations gave the parallax of the 


as 8.25. This value is apparently 








mean value of the parallax as it was 


one set of observations 


Halley’s method; namely, 


ob- 


rvation of the contacts, and also of the 
While 


very 


rived from 
based upon 


‘‘method of duration,’’ that is, 


sition of the planet on the sun. 


throp observed this transit 


roughly and made careful computa- 
his instruments and methods 


as to give re- 


ns, yet 
naturally not such 
ts to be compared with those of 
Newcomb and others from the transits 
1878 and However, he later 
cathered all available observations, and 
the 


distance 


1882. 


determinations found 


m these 
sun’s parallax, at its mean 
from the earth, to be 8” 

mparable with the present accepted 
In the second transit of Venus 
June 3, 1769), which again called forth 
mportant preparations both in Europe 
observations 


.68, which is 


value. 


d the eolonies, similar 
were made by Winthrop in Cambridge, 
by West in Ritten- 
use in Philadelphia. 
Winthrop was the main support of 
Franklin in his theories and conelusions 


Providence, and by 


relative to his experiments in electricity. 
With Franklin, he virtually the 
under of the study of atmospheric 
He carried 


and meteorological observations of 


was 


also on mag- 


electricity. 
netic 
which records and computations are still 
preserved. Parallel to his observations 
on earthquakes and magnetic variations, 
the appearance 
1741 to 


made a study of the 


he observed regularly 
of the Northern 
lio7. He also 


physical appearance of Venus, eclipses 


Lights from 


solar 


partial 
light. 


of Jupiter’s satellites, 


eclipses and aberration of 

In all, Winthrop published his scien- 
results in six pamphlets and con- 
to the Royal 


tifie 
tributed eleven 


Society. 


papers 
There is outstanding fact 
concerned with the history of our coun- 
that is not 

that the 


another 


try’s intellectual 


pre wrrTess 


generally known—namely, 
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Arts 


and Sciences can t 
Winthrop With a= strongly 
tual community now developing in : 
ton, our Winthrop found gt 
further expression of scientific 
He was a close friend of John Ada 
and both of them were more or 8 
jealous of the advances that Phila 
phia was making in various ways. O 
several oceasions both gentleme 
cussed the possibility of founs 
academy in Boston similar to tl ! 
ican Philosophical Soci Wi s 
health and manifold duties did not | 
mit an active part in this w 
but you will note that he | 
dents who graduated und 
among the inecorporators of 1 Aj 
ican Academy) During tl 
times of the revolution with 1 n 
country from 1775 to 1779, our s 
was an ardent patriot and espoused 
Caust ol the colony H >was a 
cillor and friend of Washington ar 
others who stood high in the foundn 
of the new republic 

Winthrop was honored as no man of 
his time had been. He was « vr 
nized as the most learned and ib 
of men during a period of 
vears of service to Harvard | 
The Royal Society elected him as 
low in 1766 and the Amet ' 
sophical Society enrolled hin 
ber in 1768 From the Univer 
Edinburgh he received 
degree of LL.D. and his aln 
conferred the same degree upor 
1773—the first honorary degree dd 
tor of law conferred by Harvai 
versity. 

In Cambridge, on May 3 i 
the age of sixty-five, John W rop 
scholar, scientist and astro1 r, passed 
away in the fulness of his fai Hi 
lies buried with his ances s in t 
old King’s Chapel b roul 


Boston. 


boy 
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John Morgan, founder of the first 
medical school in America, was born in 
Philadelphia, 1735, and attended the 
College of Philadelphia, where he re- 
eeived his first degree in 1757. Young 
Morgan followed the old custom of serv- 
ing aS an apprentice to a well-known 
physician, and later became the resident 
apothecary to the Pennsylvania hos- 
pital, and from there saw service as an 
army surgeon. Thus he laid the foun- 
dation of a notable medical career which 
he enjoyed until the end of his life. In 
1760 we find him studying in London 
under the famous Hunter brothers, and 
later in the well-known Medical School 
in Edinburgh, from which many of our 
colonial doctors graduated. He re- 
ceived his M.D. degree in 1763 from 
Edinburgh after presenting a_ thesis 
entitled ‘‘De Puopoiesis’’ in which he 
advanced the first ideas that pus was a 
secretion formed by the blood vessels 
when in a state of inflammation. 

Morgan continued his medical studies, 
especially in anatomy, in the medical 
school of Paris. Here he had the great 
honor of reading two papers before the 
Royal Academy of Surgery, the first of 
which was entitled ‘‘Suppuration,’’ and 
the second ‘‘On the Art of Making Ana- 
tomical Preparations by Corrosion.’’ 
These lectures merited him the honor of 
election to that society. Morgan trav- 
eled extensively in Italy, France and 
England, and before sailing for home 
was elected a fellow of the Royal Society 
in March, 1765, in spite of the fact that 
he made no scientific contributions to 
the society’s Transactions. He was 
also a licentiate of the Royal College of 
Physicians and the College of Physi- 
eians of Edinburgh. 

The young colonial physician, fresh 
from study and travel, having met the 
best medical scholars of Europe and 
having received the highest honors in 
recognition of his ability, returned home 
ready to be of inestimable service to his 


country. He seems to have 
cial effort to prepare hims 
eareer of a medical teacher, 
immediate steps for the 

of a medical school at the 
Philadelphia according to the 
prevalent at that time. Thi 
met with the immediate app 
board of trustees, and on May 
they elected him professor of t 


nd « 


a 
. } 
if 
4 


and practice of medicine, 
30th of the same year he deliv 
famous inaugural address 
‘*Discourse upon the Institution 
Medical Schools of America.’’ 
address Morgan laid down a \ 
prehensive plan for the preparat 
education of all students of n 
which plan has, in the main, bi 

by all our modern medical sel 
nected with universities. Th 
professorships established wer: 
omy and materia medica. Dr. \ 
Shippen, Jr., a fellow student 
gan while he was in Europe, 
lectures on anatomy and surgery, 
consisted of the structure of a 
of the body, and the various diseas 
fecting them, as also their various 
All the necessary operations in su! 
were performed, and courses in ba 
ing and the practice of midwifery 
given. 

Dr. Morgan lectured on materia 1 
ica, which consisted of the stud 
medicine in general and the prop 
ner of conducting the study of pli 
He also took up the study of the virt 
of different plants and their com] 
tive powers of curing. His lect 
upon pharmaceutic chemistry were 0} 
to students of both chemistry and p! 
macy, and included some critical 
tures upon the chief preparations ¢ 
tained in the ‘‘Dispensatories’’ of 
Royal College at London and Edi 
burgh. 

In October, 1775, General Washi 
ton appointed Dr. Morgan medica! 


+ 

















r of the Continental Army. Mor- 
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: , } 
n set to Work to Dring order out « 





s which existed in the Army Med Morean possess 











Department and instituted rigid and hy spent his 
yminations for those desiring to enter jne valuable works of at 
medical service, and also exercised |atine a fine librar Thes 
most vigilant supervision over the destroyed by British du KR 
rk of the entire department. Che tionarv War He died Oct r ] 
isy and insubordination of the 1789. and bot] 
regimental surgeons contributed to his jeq in St. Peter’s chu d P 
smissal from his post ol director gen- delphia 
As a result of this affair Morgan John Tennent \ 
ssued a pamphlet entitled ‘‘A Vindi- land and came t ted St 
1 4 . ‘ } 





on of His Publie Career in the Sta about 1725 


n of Director-General of the Military about his early life and ed 





Hospitals and Physiecian-in-Chief to the he was apparently a 


L 






American Army.’’ Boston, 1777. Mor- ability He revisited E1 


n’s demand for vindication was finally ten vears la 


ed by Congress, and a formal in- Virginia published 
















stigation of the charges two years the first work « medicine 1 
r proved Morgan innocent Virginia, namely ‘‘An Es 
Morgan contributed three papers to Pleurisy,”’ pri 

the Transactions of the American Philo- Williamsbure in 173! HH 












son} ical si ciety 


are brief abstracts. 











disse ion are pointed out so as j 
se by students in this cou He administered it to patients 
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Statement of the case of a living horse, 9 ent rever In t year |] 
rs old, with a live snake in its eye, given as in 1742, in Williamsburg, he pu S 
supportive evidence for the theory of sponta ae Epistle to Dr. Richard Mead (¢ 








ous generation. Sever other cases ef ¥ rms cerning the Epid mica] 1) 
and snakes found in abnormal places are also Bis _— : p 

nentioned. (The author does not seem to b¢ Virginia, Particularly a | 

i strict adherent to the the ry, but rather is Peripne umMmons whel n Is » 

in doubt just which is correct. Surprising Efficac ti Nel 






ne Account of a Motley Colored Pve tlesnake Root : D monst 


Negro Girl.*s Highest Probability That This R 
t] ise of a negro girl with Will Be of More Extensi, | T 


Statements of the case of 









ton 4 
eee . , . Se Sle al a y 
areas of white skin diffusely scattered over all Any Medicine in the V \l 
portions of her body, and the case of the _ < 9 . . 
" si Vledica In al tner ] cal I | 

nulat r a) } . ‘ P ¢ hid = . ' - yp ' 
mulatto boy also sh wing areas of white skin 
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86 Trans. Amer. Phil. Soc., 2: 366-383, 1 
87 Tbid., 383-391. 
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air calculated ‘‘to bring on a relaxation 
of the solids and consequently a viscid- 
ity of the blood.’’ It be remem- 
that his method 
was by conjecture, as the ther- 


must 
bered of determining 
fever 
mometer was unknown for medical use. 

It is recorded that he 
fellow of the Royal Society in 1765, and 


was elected a 


also that he possessed the degree of doc- 
tor of Apparently he made 
no contribution to the 
the Royal Society. 


medicine. 
Transactions of 


Tennent’s life in his later years seems 
to be as obseure as his early career. 
He apparently was an itinerant doctor 
of the colony of Virginia. Where he 
lived and died seems not to be known. 

Alexander Garden born in 
Charleston, South Carolina, in 1728, 
and received his medical education un- 
celebrated 


was 


der the supervision of the 
Dr. John Edinburgh 
Aberdeen universities. He returned to 
Charleston in 1752, and established him- 
self in the practice of medicine. During 
Charleston he became 
greatly flora of the 
colony, and with his excellent training 
he was able to bring to 


Gregory in and 


his residence in 
interested in the 


as a scientist 
bear a profound understanding of the 
important relation of plants to human 
welfare. In 1754, due to ill health, he 
was compelled to take a sea voyage, and 
upon his arrival in New York he 
offered a professorship at King’s Col- 


was 
lege (now Columbia University), but it 
is reputed that he declined the honor. 
He returned to Charleston, 
amassed a fortune, being greatly es- 
teemed and extensively employed.  Al- 


where he 


though he possessed a profound knowl- 
edge of mathematics, philosophy and 
the science of his day, it was in botany 
that he made his greatest contribution 
to colonial science. To extend his 
knowledge of natural history he accom- 
panied, in 1755, the governor of South 
Carolina, on an expedition to the Indian 


country and the mountains. On this 
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expedition he discovered a rare 
equal to that used for Worcester 
but history does not record what | 
of the discovery. 

Garden also made studies in zo 
especially fishes and reptiles, and k 
up an active correspondence with L 
naeus, to whom he sent large coll 
He also sent to Linnaeus 
Indian P 


appears 


of fishes. 
1770, a specimen of the 
Root, an of which 
the Essays and 
Edinburgh Philosophical Society, V 
pp. 1-7, 1756. Linnaeus’s admir 
for Garden and his work prompted 
‘*Gardenia’’ to an ** 


account 
Obse rvations 


to give the name 
tirely new and very singular genus, t 
Catti Marus of Rumphius, Amboin 

Garden was the discoverer of 
’ and was instrumenta 
sending the first 
rope. He writes to Ellis, then secret 


of the Royal Society, that he had 


Congo snake, 


eels to E 


electrical 


been able to examine the reptiles t! 
oughly, but the structure seemed so 
common that he thought the specin 
should go to the society immediat 
Regarding the deseription of the C 
snake, he says that these fish (eels 
from three feet 
power of shortening themselves se\ 


two to long with 


inches. They are about ten to fourt 
inches in circumference about the thi 
est part of the body. The head is larg 
broad, flat, smooth and impressed her 
and there with holes, as if perforat 
with blunt needles. The eyes are sma 
flat and of bluish 
about three 
from the nostrils, and more towards 1 
He goes into son 


eolor, and plac 


quarters of an inch ba 
sides of the head. 
detail concerning the astonishing powel 


they have of giving a sudden and vi 
lent 
number of persons joining hands and 
When the 


electrical shock to any person 0! 


having contact with the fish. 
eel is first caught it is capable of giving 
a very powerful shock. 


99 Phil. Trans., R. S., 65: 102-110, 1775. 
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Among the papers which Garden sent disparity of ages Oy f Bow 
Ellis, and which were read before the earliest letters to F1 sugges 
l The rors ib hy t " } 7 ; ele 


society, but never published in 













tions, were the Tollowing he é va I orand 


count 















nguana, or syren f & h-Carolir 
unicated in a letter to John Ellis, esq factorily for 
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Franklin and Bowdoin re } 





















Garden was honored by being elected the Royal Society, 

fellow of the Royal Society in 1773, were published in a « 

d eventually became its vice-presi Bowdoin’s lat S rks 
dent In 1783 his deelining healt! published in three papers, v 
prompted him to visit England and _ sisted in the mai a} SO} 
Scotland in the hope of arresting the cussion of the subject of the 1 
disease which attacked him, but he of light as advanced by Newtor Tl 
passed away peacefully in London in Newtonian theory of light was ki 
1792 as the emission or corpuscular 

James Bowdoin was born in Boston, light in opposition to the undu 
August 7, 1726, of wealthy and influ wave theory a dva l by Hu 
ential parents. He graduated from much earher and which F1 
Harvard College (1745), and at an early accepted In thes papers B 
wwe of 24 came under the influence of the main, refuted the argun 
John Winthrop and Benjamin Frank- Franklin. Since the beginnin 
in. Bowdoin early exhibited strong struggle of the nts t 
scientific inclinations instead of pursu- ries much theor ( xp 
ing the mereantile career which had work has been done, and 
been designed for him. This taste for theory has shown that it posss 
scientific pursuit induced Franklin, of great value and upon 
then twenty years his senior, to com- quantum theory depends 
municate to him his paper on electricity Bowdoin begins tl eonti 
This was the beginning of a long corre- quoting Franklin’ ment 
spondence, both scientific and political, lows: 
by which these friends became united in With respect to 
reputation. At the very beginning of ‘‘May not all the phenomena of light 
this correspondence Bowdoin appears Co™veniently solved, by  suj ng 
to have availed himself of Franklin’s “98 2 a 2 - = ae ¢ ; 






invitation to make observations on the P . 
ran n. «4 ae A 1 oO 





theory and speculation of electricity with 
somewhat more independence of opinion Me i - 





than might have been expected from the 188-189. 178 
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tions affect that fine sense in the eye, as those ‘*Observations on Light, and the W 
of air do the grosser organs of the earf We of Matter in the Sun and fixt Stars 
do not, in the case of sound, imagine that any al : ‘~ — 
sonorous particles are thrown off from a bell, easioned by the constant Efflux of 
for instance, and fly in straight lines to the trom them: with a Conjecture, pr 
ear: why must we believe that luminous par by Way of Query, and suggest 
? 


ticles leave the sun, and proceed to the eye?’ Mean, by which their several Syst 


some li ynds f ibbe shine i } ark . 
me diame nds, if rubbed, shine in the dark, might be preserved from the Dis 
without losing any part of their matter. I es . a ie 
can make an electrical spark as big as the and final Ruin, to which they seem | 
flame of a candle, much brighter, and there by that Waste of Matter, and by 
fore visible further; yet this is without fuel: Law of Gravitation.’’ 
es OR SeeE SP yet He Se Ges In this paper Bowdoin procee 
fluid flies off in such case to distant places, but 
all goes directly, and is to be found in the ; : 
place to which I destine it—May not different ment that according to the Newt 


il. 


show the fallacy of Franklin’s 


degrees of the vibration of the abovementioned theory the particl s of matter ¢ 
universal medium, occasion the appearances of light being continually driven off 
different colours? I think the electric fluid is : 
always the same; yet I find that weaker and 
stronger sparks differ in apparent colour: 

Some white, blue, purple, red;—the strongest, motion and a force exceeding that 

white; weak ones, red.’’ 24-pounder discharged from a @al 

Also that the sun and planets must 
exceedingly diminished by such a \ 


of matter. He reasons that ‘‘If, 


¢ 


we can suppose the quantity of mat 


the sun’s surface as well as the p 
and comets would have a trem 


From this Bowdoin lays down his 
thesis in three interesting statements of 
which the first is as follows :*? 


I. ‘‘Observations upon an Hypothesis in a particle of light to be, not in 
for solving the Phenomena of Light: absolutely, but comparatively, 0, 
with incidental Observations, tending to momentum will also be comparativ: 
shew the Heterogeneousness of Light, and it can have, in that case, no vis 
‘ , » palaAr “1A 4‘) ; , } . 7°. . . 
and of the electric Fluid, by their Inter effect on the smallest particle of 
mixture, or Union with each other. to remove it.’ 

. " — . . ‘ The third , aatht all R 

By Franklin’s hypothesis, Bowdoin 1e third memoir™ sums up all b 


reasons that if universal space be a oin’s philosophical speculation ot 


vacuum and filled with subtle elastic Universe and his comprehension of N 
fluid which is at rest, accordingly there ton’s law of gravitation. [t is 
will be complete darkness. Should, longest of his memoirs and appar 
however, any part of the fluid (now his final effort to advance creat 
known as ether) be in motion, due to philosophical thought in the col 
vibration, and consequently the whole, He offers it in the form of ‘‘Obs: 
we would have universal light, which in tions tending to prove, by Phenom 
either case is not possible. Bowdoin and Scripture, the Existence of an O 


ry 


reasons again that, even if light and which surrounds the whole visible 1 


sound waves were similar, then accord- terial System; and which may be n 

ing to the theory of universal fluid light sary to preserve it from the Ruin, 

would surround objects just as sound which, without such a Counterbala1 

does, but this can not be the case from it seems liable by that universal P1 

the evidence shown by objects casting ciple of Matter, Gravitation.’’ In 1 

shadows. paper he argues the various hypothes« 
In Bowdoin’s second paper,** was: concerning the nature of the Milky Wa 
42 Ibid., 1: 187, 1785. 44 Tbid., 197, 1785. 


43 Jbid., 1: 195-207, 1785. 45 Ibid., 208-233, 1785. 












| nebulae, and the universal aspect of 
Newton’s law of gravitation. The 
er is also characteristic of scholars 
day, in that his scientific deduc- 

ns are full of inferences. 
Bowdoin’s life very similar to 
of Franklin’s in that they both 

ed leading parts in the political life 


theological 


was 


‘ir community and were strongly 
favor of united colonies. Likewise, 


longed for scholastic retirements. 
vdoin became governor of the Com- 
nwealth of Massachusetts and 


tinguished himself by his firmness and 


dis- 
He was also a counsellor of 
Washington and Adams, and a 

low of Harvard College, one of the 
unders and the first president of the 
American Academy of Arts and Sciences 
Boston, 1780. He was honored by his 
ima mater and the Edinburgh Univer- 
sity with the honorary degree of LL.D. 
fellow of the Royal 
The lives of Franklin 


rrity. 


nd was elected 
Society in 1788. 
and Bowdoin ran parallel even until 

» end, for he followed Franklin to the 
grave within a few months, dying on 
the 6th of November, 1790, 
buried in the Granary burying ground 
in Boston. 

No 
creative genius has thus far been re- 
vealed in our history than that which 
was embodied in David 
A son of the soil, he was a 
astronomer, a true product of American 


and was 


more interesting or remarkable 


Rittenhouse.* 
self-made 


genius and toil and the highest embodi- 
ment of the pioneer spirit in 


science 


during the colonial period. He was 
born on April 8, 1732, the year of 


Washington’s birth, near Germantown, 
His father 


paper-making, which was established in 


Pennsylvania. abandoned 
this country by his ancestors in 1690, 
and moved to a farm Norriton, 
about twenty miles from Philadelphia. 
David, the oldest sen, third child in a 
family of ten, at an early age was des- 

46 Portion of this 
Dr. W. Carl Rufus. 


in 


sketch was furnished by 
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ined for farm work i 
ability attracted attention by his | 
hood productions, including a miniatw 
waterwheel. This talent received « 
couragement at twelve, when | ! 
herited a chest of carpenter’s tools 
mathematical books from his matern 
unele. No schooling beyond the tl 
R’s was available, but he assim 

the books he could procure sl! S 
cial fondness for mathematics s 
tronomy and covering pl 

fences, stones and barn doors t g 
ures and constellations At sevent 
he made a wooden clock, followed by 
metallic timekeeper His r 
luctantly let him quit the plow, and 
nineteen he opened a shop on the farn 
for clock-making, where he work: 
studied assiduously, seriously impairi! 
his health. At this time he is sa 
have mastered Newton’s ‘ Prineip 
in the English translation of Mr. Mott 
and with his native ability, he laid tl 
broad foundation for his future 
nomical work Among his great 1 
chanical contributions to the | r 
instrument-making in this cow 

his construction of a transit instrument 
the first made in America This is 
preserved in the venerable Ameri 


Philosophical Society in 


Aside from constructing a numl 
astronomical! clocks, of which on 
preserved in the rooms of 
ciety, he made the first orr: ry in A 
ica in 1767. One, t fir 
for the College of New Jers 
second for the University P 
vania, which is still to b 
The technical skill and the ] 
knowledge of astronomy was n 
tial in carrying out these n 
devices. 

Rittenhouse’s first astr 
was the compl te study t the tr 
Venus,*® which ineluded t 

? Trans., Am. Phil. § 1-3, 178 
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others. A projection of this transit was seem excellent and complete 
laid before the American Philosophical honor to the gentlemen wy! 
Society. The society appointed three them.’’ Rittenhouse immediat 
committees and selected three observing the reductions. Data by the N 
sites. The first was State House or station combined with Greenwic 
Independence Square in Philadelphia, vations gave the most accurate \ 
the second on the farm of Rittenhouse’ the sun’s distance, 92.940.000 pn 
some twenty miles northwest of Phila- striking agreement with th 
delphia, and the third near Cape Hen- adopted value, 92,900,000 miles 
lopen. Each of these were in the charge Rittenhouse also observed a} 
of prominent scholars of the community. phere of Venus, a phenomeno: 
The society lacked funds, and instru- escaped the astronomer roval 
ments were expensive. Polities helped astronomical activity of Ritt 
to equip the State House station. It during this period included a 
was ‘‘provided with an excellent sector Mereury, November 9, 1769, 
of 6 feet radius, made by the accurate’ between the observatories of 
Mr. Bird, and an equal altitude and and Philadelphia, observations 
transit instrument, both belonging to ell’s comet, 1770, and the detern 
the honourable Proprietaries of this of its orbit, ‘‘the fruit of thre 
province, which the Governor very gen- days labor.’’ A paper on **A) 
erously lent to the society on this ocea- Method of Deducing the Tim: 
sion.’’ Telescopes and additional equip- Sun’s Passing the Meridian’’ 
ment for the State House Square were the favorable attention of VonZa 
obtained from England. The farm did Early in November in 1768 Kf 
not fare as well. A Gregorian reflector house*® began building the N 
with a Dolland micrometer was ordered Observatory, the first astronomi 
from London to be used by Dr. Smith. servatory in the colony. This w 
With it came lenses for a refracting equipped with the above-mention 
telescope for Harvard. Arriving too struments, but due to labor troul 
late to be forwarded before the great weather conditions, and _ possib 
event, they were impressed into service, ‘‘ill state’’ of his health, apparent 
fitted together by Rittenhouse and used observatory was never complet 
by Mr. Lukens. had his project been fully rea 
Rittenhouse was left to his own re- doubt this observatory would 
sources. In preparation he made an_ paralleled any in Europe at that 


equal altitude instrument, a transit tele- However, despite its incompleted 
scope and an excellent timepiece, upon Rittenhouse accomplished his great 


which depended the accuracy of the ob- jective, namely, to observe the 
servations. He spent several months of Venus. 
determining the latitude and longitude Rittenhouse contributed nineté 
of the observatory, rating the clocks and pers in all to the Transactions ot! 
making preliminary computations. American Philosophical Society, 
The success of the observations was’ therefore it is not possible, withi 
due to Rittenhouse. Maskelyne, the limits of this paper to review then 
astronomer royal of England, acknowl-_ It is, however, important to call 
edging their receipt from the Honorable tion to our self-disciplined scl 
Thomas Penn, governor of the province, great aptitude to higher mathemat 
says, ‘‘I thank you for the account of which field he attained some degr 
the Pennsylvania observations, which 49 Tbid., 1: 8-13, 1789. 
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Rittenhouse vrites 
to his friend Robert 
professor of mathematics at 
Pennsylvania, ‘‘to discover if any 

a method 


abl to ade 


has been { 


termine 
| powers 


ne 
severa 


finding the sum of tl 
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DR. JOHN MORGAN 
Mo "3 ¢¢ | or M 


scholars of Kurope and to Rittenhouss The third mathematical 

credit must be given for keeping abreast Rittenhouse is upon the us 

of his time His next paper! of inter ing series to determine the true pla 
est in the history of mathematics in the a planet in an elliptical orbit d 
United States was a ** Method of raising from the mean anomaly kor 
the common Logarithm to any number plicits of method there is little to be 


immediately.’” Here he demonstrated sired in his manner of attacking 


by laborious caleulations the results problem This paper further reve 


which we to-day attain within a few nis venture into the realm of hiel 
minutes by the use of the modern slide mathematies, especially into celestial 1 
rule chanies without the use of modern eal 


1 Jbid., 4: 69-71, 1795 2 Ibid., 4: 21-26, 1799 
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Dip nal uy prot 


feet upon thi 

senior contenipr 

at Harvard 
breadth of 


vrasp 


OUS¢ enjove thie immediate 
ndship of Washington, Jefferson and 
others prominent in colonial pub 
fairs Wasl Ineton 
first director oft 
and upon the 
1790, he became the 
the American Philosop! 
spite of his struggle against 
financial worries, 
pure idealist TI otive, com 
ed with the will to do, earried him 
Barton, ‘‘Memoires, on the Life of D 
ise? PI st 
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JOHN WINTHROP 
OF MASSACHUSET! 
OF HARVARD | 


as e interchange of ‘ir abode was school of philosop! 


such that each made their greatest con empiricism in matte 


tributions to science while not residents fully attained 


of the eolonies The transition of eiviliz 


In closing this brief survey of the ried on by the French, Spar 


transition and progress of scientific Dutch during the colonization pet 
thought from the mother country to the America in the seventeent! 
eolonies. we have attempted to show how seems not to have touched the B 


it was dominated in part by Puritanism, colony. This may be accounted 


i I 


natural theology and supernaturalism, the constant warfare for supren 
which held Sway until the close of the possibly because their eultural an 
Revolutionary War, when the Englisl terial influence was too foreign 1 
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DAVID RITTENHOUSE, 
OF I AM ; 


colonials However, wit! 
of the Treaty of Paris in 1783 
appeared a new cultural move followed 
when French seientifie thought history 
in to play a part in the history of 


entifie progress in the new republic, 
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